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FOREWORD 

This  report,  submitted  to  the  Navy  Undersea  Warfare  Center  San  Diego,  by  Hughes  Air- 
craft Company,  is  a contractually  required  document  under  Contract  No.  N00123-67-C- 
0833.  The  report  describes  the  operations  of  the  Multi-Mode  Sonar  Console  and  Passive 
Data  Memory  Unit  from  the  viewpoint  of  the  computer  programmer.  Instx’uction  and  data- 
word  formats  for  each  of  the  equipments  are  described,  as  are  the  actions  chat  occur  in 
response  to  the  instructions  and  data  words.  For  convenience  in  handling,  the  document 
is  divided  into  two  volumes;  Volume  I describes  operational  programming  and  Volume 
n describes  diagnostic  programming. 

In  the  preparation  of  this  report,  it  has  been  assumed  that  the  reader  is  familiar  with 
the  UNFVAC  1230  computer,  with  logical  operations,  and  with  the  basic  principles  of 
computer-controlled  display  generation.  The  information  in  this  report  will  permit  the 
reader  to  write  valid  programs  for  generating  versatile  sonar  displays. 
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SUMMARY  OF  MMSC  DISPLAY  SYSTEM 


The  MMSC  display  system  combines  a tt'roui)  of  stored-ijrogram,  general-purpose  Multi-Mode 
Sonar  Consoles  with  a Passiv'e  Data  Memory  Unit  for  interface  with  a UNIVAC  computer  to  pro- 
vide for  storage  and  display  of  sonar  data. 


\ 5 

The  Multi-Mode  Sonar  Console  display- system  consists  of  one  to  seven  Multi-Mode  Sonar  J 

Consoles  (MMSC's)  and  a single  Passive  Data  Memory  Unit  (PDMU),  The  MMSC  display  ■ 

system  provides  versatile  display  cai)ability  for  computer-aided  sonar  systems.  The  : i 

MMSC's  and  PDMU  will  interface  with  either  the  militarized  UNIVAC  CP-642B/USQ-20B  1 ! 

or  the  UNIVAC  1230  computer.  (See  the  facing  figure. ) ‘ The  MMSC  display  system  does  : i] 

not  interface  directly  with  the  sonar  sensor  sub-system.  All  active  and  passive  sonar 
data  are  assembled,  formatted,  and  transmitted  to  the  MMSC  display- system  by  the  ; | 

computer. 

The  design  of  the  MMSC's  will  allow  seven  consoles  or  less  to  time-share  a single,  fast-  1 

interface,  input/ output  channel  of  the  computer.  The  PDMU  operates  on  its  own  fast 

interface  channel,  yj  ;i 

MMSC  Features  - The  MMSC  is  a stored- program  general-purpose  sonar  console.  The  ‘ : 

program  and  display  data  are  stored  in  the  console's  8K,  36-bit  word,  random-access  1 

memory.  Information  is  displayed  on  the  CRT  by  cycling  through  the  memory  under  ’ 

control  of  the  stored  program.  A selectable  frame  rate  of  either  35  or  50  Hz  permits  i 

a steady  state,  non-flickering  display.  Features  of  the  MMSC  are  summarized  on  the  i 

figure.  ;| 

PDMU  Features  - The  PDMU  provides  BTR  display  data  in  a v'ariety  of  formats  for  the 

MMSC  consoles.  In  performing  this  function  the  PDMU  is  required  to  store  passive  ; 

sonar  data  transmitted  by  the  computer.  The  passive  data,  along  with  a limited  number  ; j 

of  program  words,  are  stored  in  an  8K,  36-bit  word,  random  access  memory.  The 

program  words  allow  the  BTR  raster  to  be  displayed  in  up  to  15  bands  with  variable 

band  spacing.  In  addition,  the  program  words  allow  optimizing  the  data  rate  betw'een  / 

the  computer  and  PDMU.  The  computer  may  instruct  the  PDMU  to  format  the  passive 

data  in  one  of  seven  formats  which  define  the  number  of  beams  to  be  displayed  and  their 

widths.  The  format  determines  the  required  pulse  trains  to  be  transmitted  by  the  PDMU 

to  the  consoles.  The  PDMU  can  transmit  raster  data  in  parallel  to  up  to  seven  MMSC's. 

Programming  - Two  essentially  different  types  of  programming  exist  within  the  MMSC 
display- system.  One  groujj  of  instructions  is  used  in  the  exchange  of  information  be- 
tween the  computer  and  MMSC  display- system.  This  type  of  communication  initiates 
a direct  action  in  either  the  computer  or  MMSC  display- system  (e.g. , a command  i 

transmitted  by  the  computer  to  a particular  MMSC  to  load  the  next  block  of  transmitted  ; 

words  into  its  memory).  This  type  of  programming  is  similar  for  both  the  MMSC  and 
PDMU  and  is  presented  in  Section  1.  In  the  second  group,  the  instructions  are  initially  ; 

data  words  which  are  transmitted  by  the  computer  to  be  loaded  into  an  MMSC's  or 

PDMU's  memory.  However,  when  these  words  are  read  out  of  memory  during  the  nor-  i 

mal  course  of  operation,  they  become  instructions  which  directly  control  the  display  on 

the  CRT  in  the  case  of  the  MMSC,  or  raster  generation  in  the  case  of  the  PDMU,  This 

second  group  of  instructions  is  presented  in  two  sections  as  MMSC  programming  ' 

(Section  3)  and  PDMU  programming  (Section  4). 
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POWER 
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PANEL 


MMSC 
CONSOLE  7 


FEATURES  OF  THE  MMSC 

• PROGRAMMABLE  SYMBOL  SHAPES 

• ALPHANUMERIC  TYPEWRITER  DISPLAY 

• BTR  OISPLAY  (WHEN  USED  WITH  A PDMU 

• TIME  COMPRESSED  PING  HISTORY  DISPU 

• LINE  DISPLAY  (NEARLY  CONSTANT  WRIT 

• SECTOR  EXPANSION 

■ COMPUTER  CONTROLLED  LABELS  FOR  A 
PUSHBUTTONS.  ACTION  ENTRY  PUSHBU1 
PUSHBUTTONS 

• COMPUTER  INITIATED  ON-LINE  TESTING 

• 7 INTENSITY  LEVELS 


PDMU  FEATURES 

• 7 FORMATS  FOR  number  OF  BEAMS  AN( 

• 7 BRIGHTNESS  LEVELS  FOR  SIGNAL  STR 

■ 15  BANDS  TO  ALLOW  DISPLAY  OF  PASSIV 
DIFFERENT  TIME  CONSTANTS 

• VARIABLE  BAND  WIDTH  SPACING 

• PARALLEL  OUTPUT  FOR  UP  TO  7 MMSO 

• COMPUTER  INITIATED  ON  LINE  TESTING 


Configuration  of  the  Multi-Mode  Sonar  Console  Display- System.  Features  of  the  MMSC  and  P] 


4 


HUGHES-FULLERTON 
Hughes  Aircraft  Company 
Fullerton,  California 


? 


. MAINTENANCE 
PANEL 


• ALPHANUMERIC  TYPEWRITER  DISPLAY 

• BTR  DISPLAY  (WHEN  USED  WITH  A POMU  ) 

• TIME  COMPRESSED  PING  HISTORY  DISPLAY 

• LINE  DISPLAY  (NEARLY  CONSTANT  WRITING  RATE  FOR  ALL  LINES) 

• SECTOR  EXPANSION 

• COMPUTER  CONTROLLED  LABELS  FOR  alerts,  CATEGORY  SELECTION 
PUSHBUTTONS.  ACTION  ENTRY  PUSHBUTTONS.  AND  NUMERICAL  ENTRY 
PUSHBUTTONS 

• COMPUTER  INITIATED  ON-LINE  TESTING  CAPABILITY 

• 7 INTENSITY  LEVELS 


PDMU  FEATURES 

• 7 formats  FOR  NUMBER  OF  BEAMS  AND  WIDTH 

• 7 BRIGHTNESS  LEVELS  FOR  SIGNAL  STRENGTH 

• 15  BANDS  TO  ALLOW  DISPLAY  OF  PASSIVE  DATA  WITH 
DIFFERENT  TIME  CONSTANTS 

• VARIABLE  BAND  WIDTH  SPACING 

• PARALLEL  OUTPUT  FOR  UP  TO  7 MMSC’S 

• COMPUTER  INITIATED  ON-LINE  TESTING  CAPABILITY 


ly-System.  Features  ol  the  MMSC  and  PDMU  are  listed  in  the  li^iu’e. 
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Section  I — Computer  Display  System  Communications 


FUNCTIONAL  ORGANIZATION  FOR  COMMUNICATIONS 


Similar  Input/Output  units  are  contained  in  both  the  MMSC  and  I^DMU  to  enaljle  cummunications 
with  the  computer. 


Each  MMSC  and  PDMU  contains  an  Input/Output  (I/O)  unit  which  acts  as  a buffer  for 
communications  between  the  computer  and  the  equipment  containing  the  I/O  unit.  The 
I/O  unit  for  the  MMSC  and  PDMU  are  essentially  identical.  A block  diagram  of  the 
functions  used  in  communications  between  the  computer  and  the  MMSC  or  the  PDMU  is 
shown  in  the  facing  figure.  A brief  discript.on  of  these  functions  follows. 

Input  Logic  - The  Input  Logic  consists  of  three  functional  logic  groups : Input  Source 
Selection  Gates,  Assembly^  Logic,  and  the  Input  Load  Control  Logic.  The  Input  Source 
Selection  Gates  are  used  to  select  either  the  30 -bit  lines  from  the  computer  or  the  30- 
bit  switches  from  the  maintenance  panel.  The  source  selection  is  controlled  by  the 
"On- Line/OfI- Line"  switch  on  the  maintenance  panel.  The  Assembly  Logic  is  used  to 
convert  two  30-bit  acknowledge  words  from  the  com  luter  into  a 30  bit  word  for  storage 
in  the  memoi’y.  The  Input  Load  Control  Logic  detecu?  word  types,  external  function, 
acknowledge  word  1 or  acknowledge  word  2,  and  gt iterates  control  and  timing  signals. 

Input  Register  - The  Input  Register  provides  temporary'  buffer  storage  for  assembled 
acknowledge  words  or  external  function  words. 

Memory  Load/Unload  Control  — The  memory  load  flip-flop  and  memory  unload  flip- 
flop  are  contained  in  the  Memory  Load/Unload  Control.  These  flip-flops  are  set  and 
reset  by  external  function  commands,  thus  storing  the  load  and  unload  commands.  A 
PDMU  or  MMSC  is  capable  of  full  duplex  operation,  thus  both  flip-flops  may  be  set  at 
the  same  time.  The  Memory  Load/Unload  Control  logic  generates  timing  signals  that 
control  memory  operation. 

Input  Data  Address  Counter  - The  Input  Data  Address  Counter  is  preset  with  an  address 
contained  in  word  1 of  an  output  acknowledge  word  pair.  This  address  specifies  the 
location  in  memory  in  which  the  36-bit  word  in  the  input  register  is  to  be  stored.  The 
counter  is  only  activated  after  the  MMSC  or  PDMU  receives  a memory  load  start  ex- 
ternal function.  The  counter  has  an  increment  mode  that  may  be  used  by  setting  to  zero, 
bit  13  of  each  acknowledge  word  1. 

Output  Data  Address  Counter  — This  counter  is  used  after  receipt  of  a memory  unload 
start  external  function  to  address  words  in  the  memory  for  return  to  the  computer.  It 
is  preset  to  the  start  address  by  the  memory  unload  start  external  function. 

Address  Selection  Logic  - The  Address  Selection  Logic  allows  the  address  lines  to  the 
memory  to  be  time  shared  by  a number  of  sources.  There  are  other  sources  than  the 
two  indicated  in  the  drawing  but  they  are  not  used  in  computer  communications. 

Output  Register  - The  Output  Register  is  a 36-bit  buffer  storage  that  stores  memory- 
words,  auto-test  responses,  or  function  codes.  One  memory  word  is  transmitted  to  the 
computer  by  two  input  request  words.  The  Output  Register  isolates  the  memory  from 
the  computer  input  channel. 
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Out|mt  l^)gic  — Tlie  Output  U>gic  consists  of  the  disasseiriljly  logic  gates  and  the  output 
mode  control  logic.  Tlie  disasscmljl\’  logic  converts  tlie  ;j(i-hil  memory  word  into  tW(j 
yo-bit  in()ut  rc<iuest  words.  The  mode  control  logic  sets  the  interi’upt  and  input  request 
lines  to  the  ct)inputer  and  generates  internal  timing  signals. 
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MMSC  OR  PDMU 


_J 


Functions  Used  in  Communications  with  the  Computer. 
PDMU  are  essentially  identical 


Input  Output  units  in  the  MMSC  and 


Section  1 — Computer/ Display  System  Communications 
Subsection  — Computer  Communications  to  MMSC  and  PDMU 


i. 

i 

\ 

[ 

: 


i 


FOKAL\T  FOR  FXTKRNAi,  FUNCTION  WORDS 


External  function  words  control  memory  loading/unloading,  initiate  auto-tests,  set  panel  in- 
dicators  in  an  MMSC,  and  select  tlie  passive  display  format  in  the  UDMU. 


General  Description  of  External  Function  Word  — External  function  words  are  sent  from 
the  computer  to  an  MMSC  or  PDAfU  and  used  to  load  and  unload  the  memorj’,  initiate 
auto-tests,  set  panel  indicators  in  an  MMSC,  and  define  the  passive  display  format  in 
a PDMU.  External  function  words  can  l)e  sent  when  the  external  function  request  line  to 
the  compiaer  is  set.  Use  of  the  forced  external  function  by  the  computer  may  cause  loss 
of  the  dahi  in  the  MIUSC's  or  PDMU's  Input  Register. 
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29  28  22  21  19  18  0 


u 

MMSC  ADDRESS 

n 

WORD 

TYPE 

DATA 

1 1 1 1 1 1 

_L_L- 

1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 

Bits  0-18 
Bits  19  - 21 


General  Format  of  External  Function  Word 


Contains  auxiliaiy  data  which  is  loaded 
into  bits  0 - 18  of  the  input  register. 

Word  type  — defines  the  operation  to  be 
performed. 


Codes 


Definitivji. 


21  20  19  Octtl 
0 0 0 0 

0 0 1 1 

0 10  2 

oil  3 
10  0 4 

10  1 5 

110  6 
111  7 


not  used 

memort'  load  start 

memoiy  load  stop 

memory  unload  start 

memoiy  unload  stop 

indicator  (MMSC) 
passive  format  (PDMU) 

test  stimulus 

not  used 
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St'ction  1 — Computer/ Display  System  Communications 
Subsection  — Computer  Communications  to  MMSC  and  I’DMU 

FORMATS  FOR  MMSC/PDMU  MEMORY  CONTROL  COMMAND  WORDS 

The  MMSC  PDMU  Memory  Control  Command  Words  consist  ol  the  memory  load  start,  memory 
i load  stop,  memory  unload  start,  and  memory  unload  stoj^ 


Memory  Load  Start  Description  — The  memory  load  start  command  causes  the  Memory 
Load  FF  to  become  set.  With  the  Memory  Load  FF  set,  the  MMSC  or  the  PDMU  will 
store  output  acknowledge  words  from  the  computer  in  its  memory. 

82492-b 
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22 

21 

19 

18 

0 

U 

MMSC  ADDRESS 

1 1 1 1 1 1- 

■ 

1 

1 1 1 1 

SPARE 

1 1 1 1 1 1 1 1 1 1 

1111 
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Format  of  Memory  Load  Start  Word 


Memory  Load  Stop  Description  - The  memory  load  stop  command  causes  the  Memory 
Load  FF  to  be  reset.  With  the  Memory  Load  FF  reset,  MMSC  or  PDMU  will  not  store 
output  acknowledge  words  in  its  memory. 
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1  1 - 

Format  of  Memory  Load  Stop  Word 


Memory-  Unload  Start  Description  - The  memory  unload  start  command  causes  bits  0-12 
to  Ire  loaded  into  the  Output  Data  Address  Counter  and  the  Memory  Unload  FF  to  become 
set.  With  the  Memory  Unload  FF  set  the  MMSC  or  PD.MU  will  access  the  memor’j-  ad- 
dress specified  by  the  Output  Data  Address  Counter,  disassemble  the  36  bit  word  into 
two  30  bit  words,  transmit  the  two  words  to  the  computer  as  input  data  request  words 
and  then  increment  the  Output  Data  Address  Counter.  This  process  will  continue  until 
the  Memory  Unload  FF  is  reset. 
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Format  of  Memory  Unload  Start  Word 


Memory  Unload  Stop  Description  - The  memory  unload  stop  command  causes  the  Mem- 
ory  Unload  FF  to  be  reset.  With  the  Memory  Unload  FF  reset,  the  MMSC  or  PDMU 
will  discontinue  transmission  of  input  data  request  words  after  the  current  transmission 
is  complete. 
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Format  of  Memory  Unload  Stop  Word 
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Section  I - Comi)utcr  Uis))la.\-  System  Coimmmieations 
Sulisection  - Computer  Commimieatii)ns  to  MMSC  anti  PDMU 


FORMATS  FOR  MMSC  INDlCATOlt  WORD  AND  1M)MF  PASSIVF  FOItMAT  WORD 


’ The  MMSC  Indicator  Word  anti  PDMU  Passive  Format  word  have  tlie  same  wortl  tyjje.  The  In- 

i tlieator  Wortl  is  only  used  when  addressing  an  MMSC  while  the  Passive  Format  Word  is  used 

w hen  addressing  a PDMU. 


Indicator  Word  (MMSC  Only)  — The  format  of  MMSC  Indicator  words  is  shown  in  Figure 
A.  There  are  58  rear-projection  readout  devices  in  an  MMSC  each  with  12  selectable 
lamps.  Each  lamp  can  display  a different  message  in  the  readout.  The  lighting  of  the 
58X12=()9()  lamps  is  under  computer  control  via  the  indicator  word.  The  coding  for  this 
information  is  given  in  Taljle  I.  Once  a lamp  is  lit,  it  will  remain  lit  until  a new  indicator 
word  is  sent  to  either  blank  the  readout  or  change  to  a new  lamp  within  the  readout.  The 
correlation  of  the  readout  coding  to  panel  location  of  the  readout  is  shown  in  Figure  B.  » 


In  addition  to  the  12  selectable  labels,  the  alert  readouts  have  3 selectable  backgrounds. 
These  are  indicated  as  background  1,  2,  and  blank.  When  a particular  background  is 
selected,  all  four  of  the  alert  readouts  will  be  illuminated  or  blanked  by  the  selection. 
To  activate  the  background  requires  sending  an  external  function  indicator  word  with 
the  desired  AL  code.  No  lamp  driver  no. , cell  no. , or  lamp  code  must  be  specified 
as  is  required  to  light  a particular  label  on  an  alert.  It  is  intended  that  one  of  tlie  back- 


ground colors  be  used  as  an  operational  or  tactical  alert  while  the  other  will  be  used 
I as  an  equipment  fault  alert.  The  codes  for  selecting  the  backgrounds  are  specified  in 

r Table  II.  The  alert  background  must  be  in  the  blank  state  when  either  background  1 or 

I 2 is  initiated  to  prevent  two  colors  being  on  simultaneously. 
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Figure  A,  Format  of  MMSC  Indicator  Words 


HUGHES- FULLERTON 
Hughes  Aircraft  Company 
Fullerton,  California 


TABLE  I,  INDICATOR  WORD  CODING 


Bits  0 - 9 


Lamp  Driver  Code 


0 0 0 0 0 0 0 0 0 ) 

0 0 0 0 0 0 0 0 0 i 

0 0 0 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 1 0 0 

0 0 0 0 0 0 1 0 0 0 

0 0 0 0 0 1 0 0 0 0 

0 0 0 0 1 0 0 0 0 0 

0 0 0 1 0 0 0 0 0 0 

0 0 1 0 0 0 0 0 0 0 

0 1 !)  0 0 0 0 0 0 '' 

10  0 0 0 0 0 0 0 0 
1111111111 


Uiinp  Driver  No. 
None 


H 

9 

10 

1 thru  10 


Bits  10  - 12 


Cell  Number  Code 


12  n 10  Octal 
0 0 0 0 
0 0 11 


0 0 


Bits  13  — 16 


Lamp  Number  Code 


16  15  14  13  Octal 

0 0 0 0 00 

0 0 0 1 01 

0 0 1 0 02 

0 0 1 1 03 

0 1 0 0 04 


Lamp  Number 
1 
2 

3 

4 


0 0 
0 0 


1 1 
1 1 


0 0 


8 

9 

10 

11 

12 

5 and  9 
()  and  10 
11 
Blank 


4 


♦ \ 


Section  1 — Computer  Display  System  Communications 
Sul)seetion  - Computer  Communications  to  MMSC  and  PDMU 

FOliMATS  FOR  MMSC  INDICATOR  \Vt)RD  (Continued) 


TABLE  II. 


Bits  17  - 18 


(AL)  Alert  Background  Code 


18  17  Octal 

0 0 0 None 

0 1 1 Background  1 

10  2 Background  2 

113  Blank  Background 


HLGHES-FULLKHTON 
Hughes  Aircr.'ift  Company 
Fullerton,  California 


Passive  Format  Woi’d  (PDMU  Onl\ ) — 'I'lie  passive  format  word  eonUiins  the  format  eode 
whieh  is  stored  in  a register.  The  format  eode  speeifies  the  numlier  and  |)lacement  of 
the  datii  beams  on  the  MMSC  displax’. 


8?49?  4 


1111 


_L_L 


FORMAT 

CODE 


I 1 I I I 1 1 I 


Figure  C.  Coding  of  the  Passive- For  mat  Word  to  Control  MMSC  Display  of  Data  Beams 


Format 


Display  Parameters’* 


18  17  16  Octal 


0 0 


0 

0 

0 

1 

1 

1 

1 


0 0 


0 

1 

2 

3 

4 

5 

6 
7 


No  Display 
680  Lines, 
340  Lines, 
680  Lines, 
680  Lines, 
680  Lines, 
680  Lines, 
680  Lines, 


— I/O  Operations  Onl>' 
144  Beams  Full  Width 
288  Beams  Full  Width 
144  Beams  Left  Half 


Beams  (1-72)  Full  Width 


72  Beams  (73-144)  Full  Width 
72  Beams  (1-72)  Half  Width 
72  Beams  (73-144)  Half  Width 


* Refer  to  Section  4 for  detailed  display  information. 


Section  1 — Compuler/Uisplay  System  Communications 
Subsection  — Computer  Communications  to  MMSC  and  PDMU 


FOU^L^.T  FOR  TEST  STIMULUS  WORD 


The  test  stimulus  word  initiates  an  auto-test  specified  by  the  test  numljer  in  bits  O-o. 


Tlie  test  stimulus  word  initiates  an  auto-test.  The  specific  auto-test  to  be  performed 
is  specified  by  the  test  numJjer  in  bits  0-5.  Tlie  codes  for  the  auto-tests  are  defined  in 
the  taJjle.  Use  of  the  test  stimulus  words  to  perform  auto-testing  is  described  in  Diag- 
nostic Programming,  Software  Memo- Volume  II. 
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Format  of  Test  Stimulus  Word 


HUGHES-FL'LLERTON 
Hughes  Aircraft  Company 
Fullerton,  California 


TEST  STIMULUS  WORD 


Bits  0-5 

5 4 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
1 1 


Test  Number 


3 

2 

1 

0 Octal  Test 

0 

T) 

0 

0 

00 

Auto- Test  Unit 

0 

0 

0 

1 

01 

I/O  Unit 

0 

0 

1 

0 

02 

I/O  Counters 

0 

0 

1 

1 

03 

Frame  Rate  Generator 

0 

1 

0 

0 

04 

Spare 

0 

1 

0 

1 

05 

Memory  Data  Register  - 1 

0 

1 

1 

0 

00 

Memory  Data  Register  - 2 

0 

1 

1 

1 

07 

Display  Generator 

1 

0 

0 

0 

10 

Line  Counter 

1 

0 

0 

1 

11 

G.  P.  Counters 

1 

0 

1 

0 

12 

Registers 

1 

0 

1 

1 

13 

Address  Register  1 

1 

0 

0 

14 

Address  Register  2 

1 

1 

0 

1 

15 

Address  Register  3 

1 

1 

1 

0 

10 

Address  Register  4 

1 

1 

1 

1 

17 

Address  Register  5 

0 

0 

0 

0 

20 

SynrJjol  Address  Register 

0 

0 

0 

1 

21 

Data  Stop 

0 

0 

1 

0 

22 

Raster  Generator 

0 

0 

1 

1 

23 

Time  Compression 

0 

1 

0 

0 

24 

Intensity  1 

0 

1 

0 

1 

25 

Intensify  2 

0 

1 

1 

0 

20 

Intensit}’  3 

0 

1 

1 

1 

27 

Symbol  Generator 

1 

0 

0 

0 

30 

Deflection  1 

1 

0 

0 

1 

31 

Deflection  2 

1 

0 

1 

0 

32 

Display  Control 

1 

0 

1 

1 

33 

Display  Control  Counter 

1 

1 

0 

0 

34 

Program  Control  Counter 

1 

1 

0 

1 

35 

Spare 

1 

1 

1 

0 

30 

Spare 

1 

1 

1 

1 

37 

Spare 

1 

1 

1 

1 

77 

Auto- Test  Unit 

1-11 


Section  1 — Computer/Displa\  SyKtem  Communications 
Subsection  — Computer  Communications  to  MMSC  and  PDMU 


FORMAT  FOR  OUTPUT  ACKNOWLFDGF  WORDS 


Two  :30-bit  outimt  acknowledge  words  are  used  to  form  one  ;!(i-bil  MMSC  or  PDMU  memory  w(jrd. 


Output  acknowledge  words  are  sent  from  tlte  computer  and  used  to  load  the  memory  and 
to  provide  bit  patterns  for  auto-testing.  Output  acknowledge  words  consist  of  two  types, 
designated  word  1 and  w'ord  2.  Successive  transmission  of  word  I and  a w'ord  2 is  re- 
epdred  to  form  a .Id-bit  memory  word.  The  dd-bits  obtained  from  the  2 woi’ds  are  assem- 
bled in  the  Input  Register.  The  Input  Register  data  is  then  stored  in  the  address  specified 
by  the  Injiut  Data  Address  Counter  if  the  memory  load  FF  is  set. 


Word  1 of  the  Output  Acknowdedge  Word  Pair 


Description 


Bits  d - 12 


Bit  13 


Bits  14  - 19 
Bits  20  - 28 


Bit  29 


Contains  a 13  bit  address  which  is  loaded 
into  bits  0-12  of  the  Input  Data  Address 
Counter  when  bit  13  is  true. 

A = 0,  increment  the  Input  Data  Address 
Counter  by  1. 

A = 1,  load  bits  0-12  into  the  Input  Data 
Address  Counter. 

Unused 

Contains  data  which  is  loaded  into  bits 
27-3.5  of  the  Input  Register. 

Always  a 0 to  indicate  word  1. 


Soction  1 - Compiilor  Display  System  Commimicalions 
Subsection  - MMSC  or  I’D.Mf  Com munieatious  ti>  Ctmiputer 


COMPl  THlt  NOTIFICATION  OF  MMSt'  ACTIONS:  INTFltKlU’T  WOltD  I'OItMAT 


Interrupt  words  are  sent  to  the  computer  trom  an  MMSC  to  notily  the  computer  ot  actions 
occui-riiii;-  :it  a console.  


.\n  interru|)t  will  result  when  an  action  entry,  numerical  entry,  number  entry,  keyboard 
or  the  initiate  pushbutton  is  (,tei)ressed.  (See  Uiciu”;  ti^ure. ) Only  one  interrupt  will  re- 
sult trom  a single  depression  ot  a pushbutton.  Internipls  will  also  result  when  rolling 
the  traekijall  or  when  the  end  ot  a display  trame  is  reached  betore  all  inlormation  has 
been  displayed.  During  auto-testing,  the  interrupt  is  used  to  intorm  the  computer  ot 
test  results. 

82492-65 
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0 MMSC  ADDRESS 

FUNCTION  CODE 

amplifying  data 

1 1 1 1 1 1 1 1 

1 1 1 1 1 i 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 ^ 

General  Interrupt  Word  Format 


Bits  0-1.) 


Word  Format  Description 


Contains  amplifying  data  used  to  supple- 
ment the  function  code 


Bits  lG-21 


Bits  22-28 


Bit  20 


Function  code  - defines  the  type  of  inter- 
rupt word.  The  codes  for  the  functions 
are  defined  in  the  table  of  the  next  topic. 

MMSC  address  - defines  to  the  computer 
the  MMSC  which  transmitted  the  interrupt. 
Only  one  of  the  7 bits  will  be  set. 

Code  Console 

28  27  26  25  24  23  22 

0 0 0 0 0 0 I 1 

0 0 0 0 0 1 0 2 

0 0 0 0 1 0 0 3 

0 0 0 1 0 0 0 4 

0 0 1 0 0 0 0 5 

0 1 0 0 0 0 0 6 

1 0 0 0 0 0 0 7 

Always  0 
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Section  1 — Coinj)Uter/l)ispla\'  S\'.slem  Coinimmications 
Subsection  — MMSC  or  PDMl’  Communications  to  Ci)mi)uter 


MMSC  I'l  NCTlOX  Ct)l)i:S 


Function  codes  lor  the  Action  Entry,  Numerical  Entry,  and  Initiate  switches,  located  on  the 
trout  ))anel  ot  the  MMSC  are  presented  in  the  table,  together  with  those  ot  the  Display  Overllow, 
Auto- Test  Response  functions,  Number  Entry,  Trackball  and  Keyboard. 


Action  Entry  — The  function  codes  for  the  action  entry  switches  are  listed  in  the  lacing 
table.  The  correlation  of  switch  number  to  panel  location  of  the  switch  is  shown  in  the 
figure  of  the  previous  topic. 

Numerical  Entry  — The  function  codes  for  the  numerical  entry  switches  are  listed  in 
the  facing  table.  The  correlation  of  switch  number  to  panel  location  of  the  switch  is 
shown  in  the  fig\ire  on  page  1-15. 

Initiate  — The  initiate  pushbutton  is  located  in  the  lower  left-hand  corner  of  the  CRT 
panel  (see  figiire  in  previous  topic. ) The  function  code  for  initiate  is  listed  in  the 
facing  table. 


Display  Overflow  — When  .MMSC  reaches  the  end  of  its  specified  display  frame  before 
all  data  has  been  displayed,  an  interrupt  will  occur.  The  interrujit  will  be  transmitted 
once  each  frame  until  the  problem  is  corrected.  The  function  code  for  disfilay  over- 
flow is  listed  in  the  facing  table. 

Auto- Test  Response  - In  response  to  an  external  function  test  stimulus  word,  an  M.MSC 
will  transmit  an  interrupt  word  consisting  of  the  function  code  listed  in  the  facing  table 
and  amplifying  data  (ne.xt  topic).  The  amiJlifving  data  A-1  varies  with  the  type  of 
test  initiated.  This  data  is  specified  in  Diagnostic  Programming,  Software  Memo- 
Volume  II. 


The  Number  Entry,  Trackball,  and  Keyljoard  interrupt  words  all  contain  amjjlifying 
data.  These  words  are  presented  in  the  next  two  topics. 


FUNCTION  CODES 


S\\ itch  Action 
Description 


Interrupt  Word 
Bits 


Amplifying 
Code  Tyi)e 


Action  Entry  Switch 


~1 

1 0 I) 

2 0 0 

:$  u u 

■1  0 0 


^ i_s  n 
0 0 0 
0 U 1 
0 0 1 
(I  1 0 


1(1  Octal 

I 01 

(I  02 

1 02 

0 04 


All  Zero 


5 0 

0 0 

7 0 

0 

!)  0 


0 0 
0 0 
0 0 
0 1 
0 1 


1 0 

1 1 

I I 

0 0 

0 0 


I 05 

0 0(1 

1 07 

0 10 

I 1 1 


All  Zero 


1-lfi 
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FUNCTION  COOES  (Continueci) 


Switch  Action 

Intcri 

•upt  Wtn’il 

Anipli  lying 

Ucscrii)tion 

Bits 

Code 

T\pc 

_19 

J_s 

17 

10 

(4etal 

Action  Entry  Switch 

10 

0 

0 

1 

0 

1 

0 

12 

All  Zero 

1 1 

0 

0 

1 

0 

1 

1 

12 

12 

0 

0 

1 

1 

0 

0 

14 

i:i 

0 

0 

1 

1 

0 

1 

1.7 

1 1 

0 

0 

1 

1 

1 

0 

10 

1.7 

0 

0 

1 

1 

1 

1 

17 

Hi 

0 

1 

0 

0 

0 

0 

20 

17 

0 

1 

0 

0 

0 

1 

21 

18 

0 

1 

0 

0 

1 

0 

22 

19 

0 

1 

0 

0 

1 

1 

22 

20 

0 

1 

0 

1 

0 

0 

24 

21 

0 

1 

0 

1 

0 

1 

2.7 

22 

0 

1 

0 

1 

1 

0 

26 

22 

0 

1 

0 

1 

1 

1 

27 

24 

0 

1 

1 

0 

0 

0 

20 

Numerical  Entry 

1 

0 

1 

1 

u 

0 

1 

21 

Sw  itch 

2 

0 

1 

1 

0 

1 

0 

22 

2 

0 

1 

1 

0 

1 

1 

2.2 

4 

0 

1 

1 

1 

0 

0 

24 

3 

0 

1 

1 

1 

0 

1 

25 

6 

0 

1 

1 

1 

1 

0 

20 

Initiate 

0 

1 

1 

1 

) 

1 

27 

Display  Overflow 

1 

0 

0 

0 

0 

0 

40 

All  Zero 

Auto- Test  ResiJonse 

1 

0 

0 

0 

0 

1 

41 

A 

-1 

Number  Entry 

1 

0 

1 

0 

0 

0 

.7  0 

A 

_2 

Trackball 

1 

1 

0 

0 

0 

0 

00 

A 

-2 

Keyljoard 

1 

1 

1 

0 

0 

0 

70 

A 

-4 
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Section  I - Cominiter 'Display  System  Comnumications 
Sul)secliv>n  — MMSC  or  PDMl'  C\)mmiinications  to  Computer 


AMPLIFYING  DATA  Ft)R  THE  NUMBER  ENTRY  AND  TRACKBALL  INTERRUPT 

A list  ol  tl>e  amplilyin^  ilata  I'oi-  the  Number  Entry  Panel  and  Trackball  are  tabulated  and 
desc  ribeii. 


Number  Entry  Panel  - The  interrupt  word  tor  switches  on  the  numljer  enti'v  panel  con- 
sists of  a fixed  function  code  plus  amplifying;  data  A-2  whicli  depetids  on  the  siiecilie 
button  pushed  on  the  number  entry  panel.  The  funetion  code  is  listed  in  the  table  ol 
the  previous  topic.  TIte  amplifying'  data  A-2  is  specified  in  the  faeinj;  table.  The 
correlation  of  pushbutton  symbol  to  panel  lociition  of  the  pushbutton  is  shoun  iti  the  li;;- 
ure  on  paf>c  1-15. 

Trackball  - Trackball  increments  are  transmitted  to  the  computer  by  interrupt  ojice 
each  frame  if  the  increment  counters  are  detected  to  be  non- zero.  Tlie  interrupt  woi-d 
consists  of  a fixed  function  code  jjIus  amplifyiiij;  data  A-5  which  specilies  the  A and 
AY  increments.  The  AX  and  AY  increments  represent  the  circumfei-ential  distance 
in  X and  Y that  the  surface  of  the  trackball  has  been  displaced  since  the  last  Irame. 

If  the  trackball  is  being'  rotated  at  a higli  speed  sucli  that  the  increment  counters  i-uach 
all  ones,  the  counters  will  remain  in  the  all  ones  state  until  the  increments  are  sent 
to  the  comiDuter.  The  counters  are  then  reset  to  begin  the  ne.xt  accumulation.  This 
allows  the  display  system  to  follow  maximum  ball  rate  movements  ot  25.  1 in  sec  when 
in  the  35  frairie  per  second  mode  and  33  in  'sec  when  in  the  50  frames  per  second  mode. 
This  corresi)onds  to  CRT  movement  of  the  trackball  of  s.  4 in/ sec  and  12  in  sec  res- 
pectively in  X and  Y when  ma.ximum  resolution  is  utilized.  The  function  code  for  the 
trackball  word  is  listed  in  the  table  of  the  previous  toiiic.  The  forniat  for  the  ampli- 
fying data  is  specified  in  the  facing  table. 


A.MPLI  EYING  DATA  CODES 


Code  Description 


A-1  (Auto- Test) 


A-2  (Number  Entry) 
Spare  Switch  SI 
S2 


S3 


SI 

S3 

SO 


Interrupt  Word  Bits 


Bit  patterns  are  given  for  each  test  in  Diagnostic 
Programming,  Software  Memo  Volunie  II 


Octal 


0 0 0 0 0 0 


0 0 0 0 1 0 0 0 
10  0 0 
10  0 0 
10  0 1 
10  0 1 

0 0 0 0 1 0 0 1 


0 141 

1 0 42 

1 1 43 

0 0 44 

0 1 45 

1 0 40 


-1« 


HLGHES-FULLERTON 
Hughes  Aircraft  Company 
Fullerton,  California 


Coile  Description 


Enter 


Clear 


Minus 


Decimal  Point 


A- 3 (Trackball) 


AMPLIFYING  DATA  CODES  (Continued) 
Interru|)t  Word  Hits 


l.j  14  13  12  11  10  <J  S 


0 3 4 


2 1 0 Octal 


0 0 


0 0 0 0 0 0 1 0 1 0 0 0 


10  10  0 1 
10  10  11 
10  110  1 
10  1110 
1 1 0 0 0 0 
1 1 0 0 0 1 
110  0 10 
110  0 11 
110  10  0 
110  10  1 
110  110 
110  111 
1110  0 0 


0 0 0 0 1 1 1 0 0 1 


0 0 0 0 0 0 S M M M M S M M M M 

y y3  y2  yl  yO  x x3  x2  xl  xO 

S = Sign:  ''0''  = + Direction 

"1"  = - Direction 

M = Magnitude 

Mq  = 1 = 0.  044  in.  * 

M^  = 1 = 0,  088  in. 

Mg  1 = 0.  176  in. 

Mg  = 1=0.  3o2  in. 

^Inches  of  ball  surface  movement. 


Section  1 — Compiiter/Uisphiy  System  Comiminientions 
Subsection  — MMSC  or  1M)MI'  Communications  to  Computer 


AMCLIFYIXC.  DATA  Ft)R  TIIF  KFYHOAItl)  IXTFKHFFT  WOltD 


The  ami)lilyin;4  ilata  tor  the  interrupt  word  ot  switches  on  tlic  kcyljoai’d  |jancl,  l(x;atcd  on  tlic 
ljullnosc  ot  the  MMSC  console,  are  listed  and  desciibcd. 


The  interrupt  wort!  tor  switches  on  tlic  keyboard  iianel  consists  ot  a tixed  tunction  code 
plus  amplifying  tlata  A-4  (see  tacinj;  table)  which  deiiends  on  the  specific  button  iiushed 
on  the  keyboard.  The  tunction  code  is  listed  in  the  table  on  1-16.  The  correlation  ot 
pushbutton  symbol  to  iiuslibutton  location  on  the  keyboard  is  sliown  in  the  tif^urc  below. 

It  should  be  noted  that  the  u[)per/lowei  case  selection  is  controlled  by  the  two  switches 
on  the  keyboard  labeled  UC  and  LC.  The  lamp  adjacent  to  each  switch  determines  which 
switch  is  activated.  .Activatin';  one  switch  automatically  resets  the  other. 


^ ^ In  ^ rn  ■ I i 

Q W E R T ] Q Q n Q Q [U 

t i A S D F G 1 rn  rn  rn  rn  n~i 

F^irnrnrni^r^rnr^rnrnrn 


(UC  LAMP) 


( LC  LAMP) 


Console  Keyboard  Panel 
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AMPUFYING  DATA  CODES  (Continued) 


Code  Description 


Interrupt  Word  Bits 


A-4  (Keyboard) 

I'  (Down  1 line)  (LC) 
New  Line 
Space 

- (Plus) 

, (Comma) 

- (Minus) 

(Period  - Dec.  Point) 
/ (Slash) 


15 

0 


LI 

0 


13 

0 


^ U W 
0 0 0 


1 

2 

3 

4 

5 
() 

7 

8 
9 


(Semi-colon) 

Blank 


A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 


9 8 7 (j  5 

0 0 0 0 0 (J 

0 0 


1 3 


0 0 0 0 0 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


0 0 
0 0 


0 0 
0 0 


0 

1 
1 
1 
1 
1 
1 

1 0 0 
1 0 0 
10  0 
10  0 
0 0 0 1 0 0 


0 0 
0 0 


1 

1 

0 


0 0 
1 0 


0 0 
0 0 


0 0 
0 0 


1 

1 

1 

1 

0 

0 

0 

1 


0 0 
0 0 


0 0 


1 

1 

1 

1 

0 

0 

0 

0 


Octal 


0 (i 

1 1 


0 0 


0 0 


0 0 


0 0 


0 0 


013 

015 

040 

053 

054 

055 
050 
057 
000 
00 1 
0(i2 

003 

004 

005 
000 
007 

070 

071 
073 
077 
101 
102 

103 

104 

105 
10(i 
107 
110 
111 
112 
113 
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Soctiun  1 - Computer/Display  System  Communications 
Subsection  ~ MMSC  or  I’DMU  C\)m  muni  cations  to  Computer 


AMl’UFVINC.  DATA  FOR  TIIF  KFVIK)AR1)  INTERRCl’T  WORD  (Continued) 


Code  Deseriptit)!! 
A-4  (Continued) 

1. 

M 

\ 

O 

I’ 

Q 

R 

S 

T 

U 

V 

w 

X 

Y 
Z 

-^(Baek  Space) 
f (Up  1 Une  (UC) 

= (Equal) 

* (Asterisk) 

? (Question  Mark) 

) (Right  Paren) 

" (Quotation  Mark) 
Q ( Left  Bracket) 

2]  (Right  Bracket) 

! (Exclamation) 

_ (Underline) 

= (Eciuivalence) 

' (Apostrophe) 

( ( Left  Paren) 

(Colon) 


AMP IJ  EYING  DATA  CODES  (Continued) 


Interrupt  Word  Bits 
IM  14  11  1L>  y » I <*  5 

0 0 0 0 0 0 0 0 0 1 0 


G 

5 

4 

3 

2 

1 

0 

Oct 

1 

0 

0 

1 

1 

0 

0 

114 

1 

0 

0 

1 

1 

0 

1 

115 

1 

0 

0 

1 

1 

1 

0 

llG 

1 

0 

0 

1 

1 

1 

1 

117 

1 

0 

1 

0 

0 

0 

0 

120 

1 

0 

1 

0 

0 

0 

1 

121 

1 

0 

1 

0 

0 

1 

0 

122 

1 

0 

1 

0 

0 

1 

1 

123 

1 

0 

1 

0 

1 

0 

0 

124 

1 

0 

1 

0 

1 

0 

1 

125 

1 

0 

1 

0 

1 

1 

0 

126 

1 

0 

1 

0 

1 

1 

1 

127 

1 

0 

1 

1 

0 

0 

0 

130 

1 

0 

1 

1 

0 

0 

1 

131 

1 

0 

1 

1 

0 

1 

0 

132 

1 

0 

1 

1 

1 

1 

1 

137 

0 

0 

0 

1 

0 

1 

0 

212 

0 

1 

0 

1 

0 

1 

1 

253 

0 

1 

0 

1 

1 

0 

1 

255 

0 

1 

0 

1 

1 

1 

1 

257 

0 

1 

1 

0 

0 

0 

0 

260 

0 

1 

1 

0 

0 

1 

0 

2 62 

0 

1 

1 

0 

0 

1 

1 

263 

0 

1 

1 

n 

1 

0 

0 

2(i4 

0 

1 

1 

0 

1 

0 

1 

265 

0 

1 

1 

0 

1 

1 

0 

2(i(i 

0 

1 

1 

0 

1 

1 

1 

267 

0 

1 

1 

1 

0 

0 

0 

270 

0 

1 

1 

1 

0 

0 

1 

271 

0 

1 

1 

1 

0 

1 

1 

272 
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Stvtioii  1 — Computer/  Display  System  Communications 
Sul)seetion  - MMSC  or  PDMU  Communications  to  Computer 


COMl’UTKH  NOTIFICATION  OF  l>DMU  ACTIONS;  INTERRUPT  WCJRDS 


The  interrupt  word  tor  Auto-Test  Response,  which  is  the  only  one  that  is  sent  to  the  computer 
Irom  a PDMU.  is  lormattcKl  and  described. 


Auto-Test  Response  — Interrupt  words  are  sent  to  the  computer  from  a PDMU  with  auto- 
test  responses  only. 


Description 
Bits  0 - 15 


Bits  16 

-21 

Bits  22 

-2S 

Bit  29 

Interx'upt  Word  Format 


Contains  auto-test  responses 

Function  code  is  always  the  auto-test  code  41 

Spare 

Always  a 0. 


-2-: 
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Hughes  Aircriift  Company 
Fullerton,  California 

USE  OF  MMSC  IN  COMPUTKH  TO  PDMU  COMMUNICATIONS 


Tlio  MMSC  operator  specifies  passive  display  lormui  |>ai'ametei  s via  the  computer. 


] 

1 

There  is  no  electrical  connc'ction  for  direct  MMSC  to  PD.MU  communication.  The  s>  s-  i 

tern  computer  must  conUiin  as  part  of  its  program,  routines  to  convert  console  action  j 

entry,  numerical  entn-  and/or  keyljoard  interrupts  into  PDMU  format  external  function  | 

words.  Since  the  computer  controls  PDMU  operations,  other  input  devices  connected  j 

to  it  such  as  tv’pewriters,  keysets,  etc.  could  also  Ije  utilized  to  specify  passive  display  j 

formats.  When  a PDMU  drives  several  consoles,  all  with  passive  display  selected,  will  j 

observe  the  same  passive  display  data  and  in  the  same  format.  i 

The  PDMU  contains  no  operator  panels,  only  a maintenance  panel  and  a power  panel,  1 

By  placing  the  PDMU  off-line  from  the  computer  the  maintenance  panel  may  be  used  to  | 

simulate  any  computer  word  or  message.  j 


Section  1 — Cuiu[)iiler/l)iS|)lay  System  Communications 
Sul)seetion  ~ MMSC  or  PDMU  Communications  to  Com|)uter 


DATA  WORDS  TO  CO.MPUTKK  FROM  MMSC  OR  IT3MIJ;  INIRIT  DATA  JtFC^UKST  WORDS  ] 

I Input  iluta  rwiuest  words  are  sent  to  the  compulei'  trom  an  MMSC  or  a PDMU  durin}"  a memoi’y  ^ 

■1  unload  process  and  durin;;  cerUiin  auto-tests. 


A memory  word  consisting  ol  3(i  bits  is  loaded  into  the  Output  Register  and  then  disas- 
sembletl  into  two  30  bit  words  to  be  transmitted  to  the  computer  as  word  tj’pes  1 and  2. 
Input  daUi  request  words  result  only  from  either  a memoiw  unload  command  or  cerUtin 
auto-test  commands  from  the  computer. 


29  28 


20  19 


0 


0 


DATA 


I I I 


MMSC  ADDRESS 


ADDRESS 

1 


Bits  0 - 12 


Bits  13  - 19 


Bits  20  -2» 


Bit  29 


Word  1 Format 

Data  address  — contains  the  contents  of  the  Out- 
put DaUt  Address  Counter.  During  memoiw  un- 
load this  address  is  the  memory  address  from 
which  the  current  data  word  being  transmitted 
was  extracted. 


These  bits  are  all  zeros  for  the  PDMU.  In  the 
MMSC,  they  contain  the  address  of  the  MMSC 
transmitting  the  input  data  request  word. 


Code 

Console 

19 

18 

17 

10 

15 

14 

13 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

0 

0 

1 

0 

0 

3 

0 

0 

0 

1 

0 

0 

0 

4 

0 

0 

1 

0 

0 

0 

0 

5 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

7 

Contains  the  data  stored  in  bits  27-35  of  the 
memory  word  being  transmitted. 


Always  a 0 to  indicate  word  1, 


i 
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B24'i?  6<> 


29  28  27  26 


111! 


1 1 1 1 .11111-1. 


I I I I 1 1 


Bits  0 — 2G 


Bits  27  -23 


Bit  29 


Word  2 Format 


Contains  the  daUi  stored  in  bits  0-2G  of  tlie 
menion’  word  being  transmitted. 

.May  be  "0"s  or  "l"s  should  be  ignored. 

.Always  a 1 to  indicate  word  2.  Input  data  request 
words  are  always  transmitted  in  pairs  with  word 
2 always  transmitted  following  word  1.  In  the 
case  of  the  MMSC,  woi’d  2 will  always  be  trans- 
mitteti  from  the  same  AIMSC  as  the  previously 
transmitted  word  1.  This  eliminates  any  am- 
biguities  when  more  than  t\vo  consoles  are  com- 
mandc'd  to  unload  their  memories. 
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SECTION  2 

MEMORY  ALLOCATIONS 


MMSC  and  PDMU  Memory  Allocations 


Section  2 — Mi'inorv  Allt)cations 


MMSC  AND  I'DMU  MK.MOHV  ALLOCATIONS 


The  MMSC  memory  is  pai-titioned  into  three  storage  blocks  and  the  PDMU  memory  is  partitioned 
into  two  storiige  l)locks.  with  allocations  as  del'ined  below. 


MMSC  Memory  .Allocations  — The  MMSC  memory  (see  Table  I)  is  partitioned  into  three 
blocks  for  storage  of  the  various  types  of  MMSC  memory  words.  The  MMSC  instruction 
words,  are  stored  in  octal  locations  00000  through  00377.  Symbol  code  words  and  line 
words  (for  lines-type  II)  are  stored  in  the  last  1024  locations  10000  through  17777. 
Position,  line  and  alphanumeric  words  may  be  stored  at  any  location  in  memory  not  in 
use  for  an  instruction  word  or  a symbol  code  word.  Normally,  these  words  will  be 
stored  between  the  instruction  word  stoi’e  and  the  symbol  code  store,  i.e.,  00400 
through  15777. 

PDMU  Memory  Allocations  — The  PDMU  memory  (see  Table  II)  is  partitioned  into  two 
sections:  instruction  word  store  and  intensih’  word  store.  The  first  32  locations,  octal 
00000  through  00037,  are  for  storage  of  instruction  words  only.  The  remainder  of  the 
PD.MU  memory  is  for  storage  of  passive  sonar  display  intensity  words. 

If  the  MMSC  or  PDMU  memor>'  is  being  used  as  a bulk  storage  device,  there  are  no 
restrictions  as  to  the  placement  of  data.  In  this  case,  all  memor\'  locations  are  availa- 
ble for  storage  of  data. 
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TAiil.E  I.  MMSC  MEMORY  MAI> 


1)01)1)1) 

♦ 

00;!77 

iostj’uetioii  wonls 

OO-lOO 
1 7)777 

position,  line. 

anil  alphanuinei'ie  words 

lOOOO 

A- 

1 T 77  1 

svniljol  code  woi'ds 

TABL 

E II.  1H4MU  MEMORY  MAR 

OOOOO 

* 

00037 

instruction  words 

00040 

17777 

passive  displav  intensity  woi-ds 
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SECTION  3 

MMSC  PROGRAMMING 


Gonoral  Desc‘ri|)Uon  ol  the  Multi-Mode  Sonar  Console  Display  Program  . . 3-0 


Memor\’  Addressing 

Memory  Addressing  by  Multiplexing  the  Memory  Address  Register  ....  3-2 

State  Diagrams  for  the  Program  Control  Counter 3-(> 

State  Diagrams  for  the  Display  Ceitrol  Counter 3-8 

MMSC  Instructions 

Display  Parameters  Specified  by  Format  Control  Word  3-12 

Format  of  Brightness  Group  Word 3-16 

Format  of  Data  Start,  Stop  Word  3-18 

MMSC  Data  Words 

Format  of  Position  Word  3-22 

Format  of  Line  Word 3-24 

Format  of  .-Mphanumeric  Word  3-20 

Format  of  Symbol  Code  Word  3-28 

MMSC  Symbols 

Direction  and  Length  Coding  for  S\  mbols  3-30 

Design  Guidlines  for  Numeric  Symliols 3-32 

Design  Guidelines  for  Geometric  Symbols 3-34 

Special  Features 

Display  of  Lines,  In-Line  .Mphanumeric  and  Passive  Data 3-36 

Horizontal-Displacement  and  Expandcd-Sector  Displays  3-37 

Time-Compressed  Ping  History 

Operations  Sequence  in  Displaying  Time-Compressed  Ping  History 3-38 

Factors  in  Achieving  the  Desired  Brightness  in  Ping  History 3-40 


Soflion  ;i  MMSC  I’ro^ramminj; 


IIKNKKAI.  1)HSCIU1>TK)N  OF  TIIF  MF'LTl-MODF  SONAl{  C(ANSOLF  DISPLAY  IMiOGRAM 


The  Multi-Mude  Sonar  Console  controls  the  storing;,  selecting,  processing  and  displaying  of 
non-i)assive  data. 


t’icnei'al  .tescri|)tion  - The  display  of  non-ijassive  data  on  the  CUT  of  a .Multi-.Mode 
Sonar  Console  is  directly  controlletl  by  tlie  contents  of  its  memory.  The  information 
witliin  its  memor\  is  divided  into  two  basic  sections;  a program  and  a data  bank.  The 
program  controls  general  display  parameters  such  as  frame  rate,  the  form  of  jjresen- 
tation,  anil  describes  tlie  type  of  data  contained  within  a Ijlock  of  words  in  the  data  bank. 
In  addition,  the  program  controls  tlie  cycling  through  the  data  section  of  mem- 
or\'.  This  can  be  performed  in  a random  manner  unoer  program  control  to  optimize 
system  operation.  The  data  section  of  memory  contains  the  detailed  information  for 
display  sueli  as  the  coordinate  position  for  a sonar  symbol  and  the  data  required  to  paint 
a symbol  at  that  point. 

Disiilav  Modes  - The  display  of  memory  data  is  aceomplished  by  using  one  or  more 
display  mod.'^  The  terminology  "display  mode"  refers  to  a sequence  of  hardware 
logic  o|>erations  that  result  in  display  of  an  individual  symbol,  a'|)hanumeric  or  line. 

See  table  on  opiiosite  page.  This  is  not  to  be  confused  with  operational  modes  such  as 
active  search,  track,  etc. 

Single  Symbol  Mode  — The  Single  Symbol  Mode  is  the  basic  console  operating  mode.  In 
thiFlnode  of  operation  a position  word  is  read  from  memory  and  the  CRT  beam  is  posi- 
tioned to  the  coordinates  specified  therein.  The  symbol  generator  is  loaded  with  one  or 
more  symbol  code  words  which  define  a symbol  shape  from  memory.  The  symbol  is 
then  displayed.  When  the  display  is  complete,  another  position  woi’d  is  read  and  the 
cycle  repeated.  The  term  "symbol"  in  this  document  refers  to  anything  displayed  that 
uses  the  symbol  generator.  Operationally  this  may  be  sonar  events,  track  symbols, 
alphanumerics,  etc. 

Track  symbols,  ball  tab,  hock  markers  and  similar  symbols  are  designated  as  pro- 
cessed data  symbols  and  are  displayed  in  the  single  symbol  mode. 

Line  Type  I Mode  - The  Line  Type  I Mode  displays  a line  using  a position  w ord  and  a 
line  vvoi’d  which  are  read  from  consecutive  memory  locations.  The  symbol  address 
in  the  position  word  is  not  used. 

Line  Type  II  Mode  - The  lane  Tyise  II  Mode  is  similar  to  Line  Type  I except  the  line 
word  is  stored  in  the  symbol  code  store  area  of  memory  and  the  symbol  address  in  the 
position  word  is  userl  to  retrieve  the  line  word.  This  mode  was  included  to  simplify 
display  of  sonar  events  that  are  short  lines. 

In-Line  Ali)hanumeric  Mode  - The  In-Line  Alphanumeric  Mode  is  used  to  disi)lay  a 
horizontal  line  of  A-N  characters.  A position  woi'd  is  used  to  define  the  coordinates 
of  the  first  character.  The  symbol  address  in  the  position  word  is  not  used.  Alphanu- 
merics words  follow  the  position  word  with  each  defining  four  characters.  After  display 
of  a character  the  CRT  beam  is  automatically  positioned  a small  increment  to  the  right. 
Additional  position  words  are  used  for  vertical  spacing  of  character  lines.  This  mode 
of  operation  does  not  save  display  time  over  the  single  symbol  mode.  It  does  however, 
conserve  memory  locations. 
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NON- PASSIVE  DISPLAY  MODES 
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Mule 

Disi)lay  Form 

Single  Symbol 

To  Protray  Sonar  Events,  Tracks,  Alphanumerics, 
Ball  TaJj,  Hook  Marker,  etc. 

Line  Tyi)e  1 

Long  Lines  UjJ  To  2 Inches 

Line  Type  11 

For  Sonar  Events  That  Are  Short  Lines 

In-  Line  Ali)hanumeric 

Horizontal  Line  of  AliJhanumeric  Characters 

Section  ;5  — MMSC  l’roj;r;immin‘; 
Subsection  ~ Memory  Aildressin^ 


MKMOKY  ADDRESSING  BY  M f LTI INDEXING  THE  MEMORY  ADDItESS  REGISTER 


The  RiH)^r;un  Counter,  Display  Address  Counter,  Symbol  Address  Counter  and  the  input  output 
counters  are  multiplexed  into  the  Memory  Adilress  Register  lor  memory  eonti'ol. 


There  are  live  basic  types  ol  memory  operation:  1)  entry  ot  new  data  Irom  the  eomijuter, 
2)  retrieval  of  memory  data  lor  transmission  to  the  cotiiputer,  :i)  retrieval  ol  instruc- 
tion worils,  D retrieval  ol  display  data  words,  and  o)  memory  testing.  Tliere  are  live 
counters  that  generate  the  memory  addresses.  These  counters  arc  multiplexed  into  the 
Memory  .Address  Register.  The  memory  loading 'unloading  operations  with  the  com- 
puter were  covered  in  Section  1.  The  remaining  functions  are  described  below. 

Program  Counter  — Tlie  Progi'am  Counter  is  used  to  address  .M.MSC  display  instruction 
words.  (See  the  figure  on  the  opposite  page).  The  counter  is  set  to  zero  at  the  start 
ol  each  display  frame  and  is  incremented  under  control  ol  the  Program  Control  Sequence 
Counter.  Whenever  a format  control  word  is  read  out,  memory  bits  0-7  are  loaded 
into  tlie  Program  Counter  effecting  an  unconditional  transfer.  The  Program  Counter 
has  8 bits,  it  drives  the  8 LSB's  of  the  Memory  Address  Register.  The  5 MSB's  of 
the  .Memory  Address  Register  are  always  a "0"  when  the  register  contains  the  program 
count,  thus  the  Program  Counter  only  accesses  the  first  2.70  memory  locations. 

Display  Address  Counter  — The  Display  Address  Counter  is  used  to  read  out  position, 
line  and  alphanumeric  words.  It  is  a 13  bit  counter  and  may  access  all  of  the  MMSC 
memory,  Ilowes’er,  it  normally  reads  the  words  between  the  instruction  word  store 
and  the  start  ol  the  symbol  code  word  storage.  The  Display  Address  Counter  is  pre- 
set by  bits  0-12  ol  a data  start  instruction  word. 

Symbol  Address  Counter  - The  Symbol  Address  Counter  generates  the  memory  address 
lor  the  readout  ol  symbol  code  words.  The  counter  is  i)reset  by  data  start,  alpha- 
numeric, and  position  words  as  indicated  in  the  taJjle.  Bits  10,  11,  12,  of  the  Memory 
Address  Register  are  always  a"l"  when  the  register  contains  a symbol  address.  Bit 

0 (LSB)  of  the  eounter  is  always  forced  to  the  "0"  state  when  the  counter  is  preset  with 
a symbol  address.  Only  the  8 LSB's  may  be  incremented  under  control  of  the  Display 
Control  Counter.  Bits  8,  0 (MSB's)  store  bits  22  and  23  of  the  data  start  word.  The 
six  bits  of  symbol  address  contained  in  the  position  word  are  loaded  into  the  Symbol 
.Address  Counter  in  two  w'ays  as  indicated  in  the  table. 

The  1024  words  of  symbol  code  storage  are  partitioned  into  8 groups  of  128  words  each. 
The  groups  are  specified  by  data  start  instruction  words.  Within  each  group  the  six 
bits  from  the  position  word  or  alphanumeric  word  specifies  (14  symbol  start  addresses. 
When  in-ocesscd  data  symbols  are  used,  two  groups  are  combined  to  form  a single 
group  of  2.7()  words  with  64  start  addresses. 

In-Line  Alphanumeric  .Address  Register  - The  In-Line  Aliihanumeric  Address  Register 
is  a shift  register  tnat  stores  the  alplianumeric  word.  The  register  shifts  alter  display 

01  each  A-N  to  provide  the  Symbol  Address  Counter  with  the  6 LSB's  ol  start  address. 
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SYM150L  ADDRESS  COUNTEK  LOADING 


In-  Line 

Ali)haniimerie 

MikIc 

Sint^le  sytnijol  motle 
tor  |)rocessetl  d;ita 
symbol 

Line  t>i<e  11 
mixle  and 
single  symijol 
nuxle  lor 
other  than  pn)- 
eessetl  data 
symbols 

Symbol 
Address | 
Counter 

' 1 

! 1 

1 

i 

Data  Start  Bit  2:5 

Data  Start  Bit  23 

Data  Start  Bit  23 

! 9 

Data  Start  Bit  22 

Data  Start  Bit  22 

Data  Start  Bit  22 

S i 

Data  Start  Bit  21 

Position  WD  Bit  3.2 

Data  Start  Bit  21 

7 

1 , 

AX  WD  Bits  :l.j,  20,  in,  (i 

Position  WD  Bit  31 

Position  WD  Bit  32 

1 

i 

AX  WD  Bits  :?4,  19,  12,  .1 

Position  WD  Bit  30 

Position  WD  Bit  31 

i o 

AX  WD  Bits  33,  IS,  11,  4 

Position  WD  Bit  29 

Position  WD  Bit  30 

AX  WD  Bits  32,  IT,  10,  3 

Position  W D Bit  28 

Position  WD  Bit  29 

3 

AX  W D Bits  31,  Hi,  9,  2 

Position  WD  Bit  27 

Position  WD  Bit  2h 

2 

AX  WD  Bits  30,  13,  8,  1 

"0" 

Position  WD  Bit  27 

1 

"()•’ 

"0" 

"0" 

0 

BLANK  PAGE  FOLLOWS 


SiH'lioii  ;i  — MMSC'  IM’o^i'Mminiii'; 
Sul)SiH-tioii  — Mimium'v  Aililivssiii” 


STATK  niAC’.KAMS  l'(  )H  rill-:  1'M(K;UAM  ('OX'I'HoL  ('()ll.\  TKH 


InstrLU'lion  wni'ils  arc  rctricu'il  Iroin  llu'  mcmoi'\’  l)\'  liming;'  si^^nals  ^^laicralcd  l)\'  the  l’ro^i-am 
C'onlrol  C'ountcr. 


Tlu'  I'roj^ram  Control  Counter  is  a seciucnci'  counter  that  generates  tile  timiiif;  signals 
tor  the  I'ctricval  ot  instruction  worils.  A state;  cliagi-am  ot  the  countei-  is  shown  below. 
The  various  counter  state's  are  brie'tlv  e;x|)laine>il  in  the  table'.  Counter  states  1.  2.  3 
and  (i  are'  2 fisec  in  eluration.  states  (),  ami  7 tire'  ol  vtu-itible  length. 

Characteristics  eit  the  countei-  ot  interest  tei  one  progi-am tiling  the  MMSC  are:  \on-Valid 
instructions  are  anv  worels  in  the  tirst  2.7(i  MMSC  meniorv  locations  with  any  ot  the  tol- 
lowing  configurations  for  bits  33-35,  000,  010,  110,  or  111.  If  there  are  a number  of 
non-valid  instruction  words  in  consecutive  locations  the  Program  Control  Counter  sequ- 
ences between  states  2 and  3.  Thus  4 /.isec  are  used  per  non-valid  instruction  while  the 
Program  Control  Counter  is  searching  for  a valid  instruction.  I/O  unit  requests  for 
memory  input  or  output  are  locked  out.  l/O  requests  are  serviced  in  state  0 under  con- 
trol of  the  Display  Control  Counter.  As  indicated  on  the  state  diagram,  a data  stop  instruc- 
tion terminates  the  readout  of  instruction  words  by  sequencing  the  Program  Control 
Counter  to  state  "0".  The  logic  assumes  a data  stop  instruction  preceded  by  the  data 
start  instruction.  It  does  not  check  that  data  start  and  data  stop  instructions  are  read 
out  as  a pair. 
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i 


TABLE.  BROGUAM  CONTROL  COUNTER 


suite 

Action 

E.xit 

E.xit  Conditions 

1 

(001) 

Reset  Memof\’  DaUi  Registc-r  to 
all  "0"s.  Ti'aiisfer  s LSB's  of 
Memor\-  Data  Reg.  (MDR)  to 
Program  Counter.  Initiate 
memory  read  e\  ele. 

1— ►:) 

;\uU)matic 

o 

(Oil) 

Ijoad  MDR  with  memory  word. 

:i— ►i^ 

Datastop  word 
Frame  start 

Determine  from  BITS  33-;L") 
if  wortl  is  a \alid  instruction. 

3 ^2 

.Always  e.xcept  for  frame 
start,  data  stop  word,  or 
Program  Counter  = 25o 

If  instruction,  generate  appro- 
priate register  load  signal. 

3-^7 

Program  Counter  = 253 

Determine  if  Program  Counter 
= 2f)5 

2 

(010) 

Increment  program  counter 
unless  word  in  MDR  is  a for- 
mat control  word. 

2— ►B 

.Automatic 

Initiate  memory  read  cycle. 

0 

(000) 

Display  the  data  defined  by 
the  data  start  and  data  stop 
instructions. 

Transfer  memory  control  to 
the  Display  Control  Counter. 

0— 

Frame  start 

■Always  except  if  fi-ame 
start  occurs. 

7 

Rest  state  after  display  of  all 

Frame  start 

(111) 

data  prior  to  end  of  frame. 

■Bjl 

I/O  input  or  out])ut 
request. 

6 

(110) 

Generate  a memory  read  or 
write  cycle  for  I/O  unit  if 
I/O  rec|uest  present. 

G ► f 

.Automatic 

Soi’tion  ;i  — MMSC  I’l-o^i-aintniii^; 
Suhsoftion  — Mi>mor\  Adiln-ssiiif; 


S I ATK  DLU’.HAMS  I’OU  TIIK  1)ISI>  LAY  C(  )NTI{(  )l,  C'orXTHK 


Tho  control  ol  nu'inort  operations  aiul  ilisplav  ol  nu-mory  data  is  accompl ishoil  by  the  I3ispL'i\- 
Control  Counter  when  a displa\  inode  is  initiated. 


The  Display  Control  Counter  is  ;i  d bit  seciuenee  counter  which  conti’ols  memory  opera- 
tions and  ilisplay  ol  memory  data  aJ'U'r  a data  stop  instruction  is  read  and  processed. 

Suite  diagrams  for  each  of  the  disiilay  modes  are  t;i\en  in  Figures  A,  H,  and  C. 
States  1.  2,  4,  .'),  (i,  anti  7 of  the  I)ispla\-  Control  Counter  ha\t‘  a dui-ation  of  2 psec. 
The  duration  of  state  :?  is  \ariable  for  symbols  and  alpnanumeries  in  increments  of 
2 psec. 

When  the  Display  .Address  Counter  reaches  the  data  stop  address  and  the  last  symbol 
or  line  is  displayetl.  control  of  the  MMSC  memory  is  transferred  to  the  Prof^ram  Con- 
trol Counter. 


DISPLAY  CONTROL  COPNTKR  SINGLF  SYMBOL  DISPLAY 


State 

.Action 

Exit 

I-lxit  Conditions 

0 

Rest  state  for  display  lo^ic. 
Instruction  words  beiiift  pro- 
cessed. 

0—^1 

Data  stop  word  read 
out. 

1 

Transfer  display  address  to 
.Memory  .Address  Register. 
Initiate  memory  read  cycle. 

1 ^2 

.Automatic 

2 

Finish  display  of  last  symbol. 

2— ►() 

End  of  displa\-  instr. 
(Data  stop  address  or 
frame  start). 

Increment  Display  .Address 
Counk'r. 

Load  position  word  data  into 
appropriate  registers.  Start 
CRT  beam  to  symbol  X.  Y co- 

Word  other  than  pos- 
ition word  read  out 
of  memory. 

ordinates.  Start  settle  time 
counter.  Transfer  symbol  ad- 
dress to  Memory  Address 
Register.  Initiate  memory  read. 

2—^3 

Normal  exit 

li 

Increment  Symbol  Address 
Counter.  Load  symbol  gen- 
erator with  symbol  code 
word.  Repeat  state  3 o|)era- 
tions  above  until  symbol  code 
word  bit  35  = 1.  Service 
I/O  unit  memory  requests. 

3-^1 

-Automatic  when  bit 
35  of  symbol  code 
wo  rd  =”  1 . 

HL'GHES-FULLEHTON 
Hughes  Aircriift  Company 
Fullerton,  California 


niSIM.AY  COXTHOL  COl^XTKH  LIXF  DISI'LAY 


Slate 

Aetioii 

L.xit 

L.xit  Conditions 

0 

Best  state  for  displtiy  logic. 
Instruction  words  being  pro- 
cessed. 

0— «-l 

Dale  stop  word  read  out. 

1 

Transfer  display  address  to 
-Memon  .A.ddress  Register. 
Initiate  memory  read  cycle. 

1— ^3 

..\u  tom  a tic 

•) 

^ Finish  display  of  last  line. 

2-*-0 

Lnd  of  display  instruct, 
or  frame  start. 

Increment  Dis|)lay  Atldress 
Counter. 

2— 

Wrong  word  order. 

load  position  word  data 
into  appropriate  registers. 
Start  CRT  beam  to  line  start 
X,  Y coordinates.  Transfer 
display  address  to  Memory 
Address  Register  for  line  type 
I or  transfer  symbol  address 
for  line  t\  pe  II.  Initiate 
memon-  read. 

Xormal 

3 

Load  symbol  generator  with 
line  word. 

Seiwice  I ()  memory  input  re- 
quest. 

3-^4 

.Autf)matic 

4 

Seryice  I/O  memory  output  re- 
quest. 

Start  line  dis|)lay. 

4-^1 

.Automatic 

Figure  A.  State  Diagram  for  Single  Symbol  Figure  B.  State  Diagram  for  Line  T\  pe  I and 
Mixie  Display  II  Display 
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Stale 

( )i)i'ialii.)ns 

L.xii 

lAxit  Conditions 

0 

Host  stale  lor  (lis()la\  logic. 

0 — 1 

I);ita  stoi)  word  I’cad  (nit. 

> 

Trans I'er  dispku  address  to 
Menu)r\  Address  Register. 
Initiate  inemor\-  read  cycle. 

1 —2 

.Automatic 

O 

Finish  dis|)lay  ol  last 
alplianumerie. 

2 — 1 

Wrong  word  order.  (.Aljiha- 
numeric  word  read  out). 

Increment  Display  Address 
Counter. 

Load  position  word  daUi  into 
appropriate  registers. 

2 — « 

Position  word  read  out  ol 
memoiy. 

Suirt  CRT  Ijeam  to  position  of 
first  aljdia.  SUirt  settle  time 
counter. 

() 

If  state  2 was  prior  state; 
transfer  Dis[)lay  Address  Coun- 
ter to  Memor\'  Address  Regis- 
ter. Initiate  memon-  read. 

6 — 5 

If  first  alpha  has  not  Ijeen 
display  ed. 

i 

U'  state  3 was  prior  sUite; 
service  I,  O unit  output 
request. 

Shift  Alphanumeric  Address 
Register. 

()  — - 7 

During  display  of  1st,  2nd, 
and  3rd  alphanumeric. 

1 

Transfer  symJjol  address  to 
Memory  Address  Register. 
Initiate  memory  read  cycle. 

7 —3 

.Automatic 

3 

Increment  Symbol  Address 
Counter.  Load  symbol  gen- 
erator with  symbol  code  word. 
Repeat  state  3 operations 
alcove  until  symbol  cotle  word 
bit  3i3  = 1.  Service  I/O  unit 
input  request. 

3 — G 

Automatic  after  symbol  code 
word  bit  35  = 1 

5 

Increment  Disi)lay  Address 
Counter. 

5 —0 

F.nd  of  display,  daui  stop 
address  reached,  or  frame 
start. 

Load  Alphanumeric  Address 
Register  with  AX  word.  Shift 
first  A-X  address  into  Symbol 
.Address  Counter. 

.■)  —2 

Position  word  read  out. 

i 

Transfer  symbol  address  to 
Memory  .Address  Register. 
Initiate  memor\  read  c\  cle. 

5—3 

.Alphanumeric  word 
read  out. 
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Sec'lion  ;>  — MMSC  l’roj;ramminj; 
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DISPLAY  PARAMi;  riUS  SPLCIFILD  HY  l'()KAL\T  CONTHf  )L  W ( )KD 


Thf  formal  fonlrol  word  spoe ifies  Iho  basic  display  i)aramctfrs,  dial  apply  to  all  dis()lay  data. 


There  are  tour  t>  pes  of  instructions  used  in  an  MMSC  program.  The  Format  Control 
\Vord.  is  discussed  in  this  topic.  The  Time  Compression  Brightness  Croup  Woi’d,  the 
Data  Start  Word,  and  the  Data  Slop  Wortl  are  discussed  in  the  following  topic. 

Format  Control  Word  — The  format  control  (see  figure  on  opposite  page)  word  specifies 
man'  of  the  disiilay  parameters  that  apply  to  all  data  bsplayed  each  frame.  The  format 
control  word  may  also  be  used  as  a transfer  insti’uction.  See  table  on  opposite  page. 

One  format  control  word  in  memoiw  is  required  to  define  certain  display  operations. 
The  display  control  bits  11  through  31,  are  stored  in  a register  which  contains  the 
data  of  the  last  format  control  word  read  out.  Thus,  placement  of  the  word  in  the  mem- 
ory is  not  critical.  The  register  is  not  reset  at  the  end  of  a display  frame. 

The  format  control  word  may  be  used  as  a transfer  since  the  Program  Counter  is  forced 
to  the  address  contained  in  bits  0-7.  Display  of  daUi  in  a frame  may  be  terminated  by 
coding  377  in  the  next  instniction  field. 

Format  control  words  tliat  transfer  the  program  count  to  a lower  numbered  instniction 
address  may  create  undesirable  display  effects.  If  a closed  loop  exists  for  the  ])rogram 
counter  that  does  not  include  address  377  (last  program  count)  the  data  within  the  loop 
will  be  disi)layed  at  a rate  higher  than  the  frame  rate  which  may  cause  degradation  of 
the  CRT  phosphor. 

Time  Shared  Formats  — The  MMSC  memoiy  can  store  more  display  data  than  can  be 
processed  in  a display  frame.  This  feature  may  be  utilized  to  reduce  computer-to- 
console  data  rates. 

The  M.MSC  memoiy  may  be  loaded  with  two  or  more  blocks  of  display  data  representing 
different  operational  formats  or  diagnostic  test  patterns.  The  computer  would  keep  all 
formats  uixiated  as  sensor  data  is  processed.  Changing  a format  would  require  trans- 
mission of  only  one  or  two  format  control  insiruction  words  to  be  used  as  trans- 
fer instructions. 
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Format  Control  W Ord 


CODIXC.  OF  CONTKOI.  WoltD 

ifits  0-T  — Next  instruction  address. 

Hinan-  code,  bitO-liiB 
bit  7-^LSB 

The  Program  Counter  is  always  loaded 
with  bits  D-7. 

Bit  8-10  — Spare 

Bit  11-15  — Time  compression  display  interval  in 

increments  of  the  ping  progression 
perioti. 

Binar\'  code,  bit  11-BSB 
bit  l.j-MSB 

There  is  no  zero  displax  interval  — 
code  00(100  = olrlest  i>ing  onh'  disidaved 
00001  - two  oldest  pings  displaved 
etc. 

Bits  lO-l!)  — Time  compression  ping  progression 
period. 

Binan- code,  bitld-LSB 
bit  lO-.MSB 

Code  0000  = 1 frame 

0001  - 2 trames,  etc. 

Bit  20-24  - Time  comiiression  dwell  interval  in 

increments  of  the  frame  period. 

Binan  code,  bit20-llSB 
bit  2■l-^LSB 

Code  0000  - 1 frame 

0(101  - 2 frames,  etc. 


Sfcliun  ;i  — .MMSC'  Prof^nimmin” 
Siihsoc-lioii  — .M.MSC  Instructions 


niSl>l_\Y  I'AllAMF.'n.US  Sl'KCIFlKD  15N  FOK.MAT  CONTUOF  WOHI)  (Continued) 


CODiNC  OF  CONTROL  WOitI)  (Continuwi) 


IRt  2.~)  — Time  compression  151T 

i'C  = 0,  Tile  sonar  events  are  dis- 
playeti  nortnalis' 

TC  = 1,  Tile  sonar  events  are  (iis- 
(ilaveii  in  a time  compres- 
sed sequenee.  Disiilay  ciaLa 
not  iiientii’ieci  as  sonar 
events  will  not  ije  time 
compresseci. 

Heler  to  time  comiiresseKi  ping 
historv  topie  for  tiiscussion  of 
time  compressed  displays. 

Bit  2G  — Passive  display  bit 

P = 0 Do  not  displav  input  data 
from  PD.MU  ' 

P = 1 Display  daUi  from  PDMU 

Wiien  passive  (PDMU)  data  ir  dis- 
plaved  the  display  of  symbolic  data 
storeci  in  the  M!MSC  memorv  is  re- 
stricted to  the  time  availaiile  in 
eaeii  frame  following  tiie  display  of 
all  the  passive  data. 

Bits  27-28  — Kxpancied  sector  quadrant  cicsignator. 

28  27 

0 0 sector  180°-270“ 

(I  1 sector  270*^-3(10° 

1 0 sector  90°-180° 

1 1 sector  0°-  90° 

E.xpancied  sector  data  is  displayed  in 
the  specified  quadrant.  Non-expanded 
sector  data  in  the  quadrant  is  blanketl. 

Refer  to  page  3-30 

for  discussion  of  expanded  sector  displays. 
Bit  29  — E.xpancied  sector  bit 

When  set,  the  .M.MSC  displays  any  block  of 
data  designated  as  expanded  sector  data 
in  the  ES  quadrant.  The  data  start  in- 
struction identifies  the  expanded  sector 
data. 
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CODING  OF  CON  TUOl.  W(fKI)  (Continued) 


Bit  30  — Franie  rate  bit 

Tlie  itisplay  refresh  rale  is  set  from 
the  eomputer  with  this  bit  for  non- 
passive displays. 

F ^ 0 = 35  frames/seeond 
F = 1 = 50  frames/seeond 

At  the  lower  frame  rate  more  symbols 
ean  be  displayed.  The  higher  rate 
allows  a briglUer  display. 

Bit  31  — Si>are  (stored  in  a register) 

Pit  32  — Test  bit 

Used  in  some  auto-tests. 

Bits  33-35  — Word  Code 

This  code  identifies  the  instruction  type. 
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Section  3 ~ MMSC  Prograiuining 
Subsection  — MMSC  Instructions 

FOH.^L■V^  OF  BKIGIITNFSS  GROUP  WORD 


The  brightness  grou|)  woi'd  is  useci  onl\  in  tlie  tlis|jlav  ol  time  compressed  sonar  events. 


Time  Compression  Brightness  Group  Word  — The  brightness  group  word  is  used  only  in 
the  display  of  sonar  events  in  a lime  compressed  secjuence.  By  appropriate  coding  of 
the  B fields  of  the  word,  various  visual  effects  may  be  created.  This  results  from  the 
intensit\-  level  of  the  events  varying  witli  time.  See  figure  below.  Refer  to  a later  topic 
for  a discussion  of  time  compressed  displays. 
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CODING  t)F  TIME  COMPRESSKIN  BIUGIITNESS  GROUP  WORD 


Bits  0-2 


Bits  3-3 
Bits  (i  — 8 
Bits  9 — 11 
Bits  12  - I-t 
Bits  15  — 17 
Bits  18  - 20 
Bits  21  - 31 
Bits  33  - 33 


Brightness  group  BO 

Brightness  group  eode 


0 

0 

0 

0 

1 
1 
1 
1 


1 0 Octal 
0 0 0 

0 1 1 

1 0 2 

1 1 3 

0 0 1 

0 1 3 

1 0 0 

1 1 7 


Intensity  Level 

0 — Blank  Display 

1 
2 

3 

4 
3 
(i 

7 - Brightest  Display 


Brightness  group  B1 
Brightness  group  B2 
Brightness  group  B3 
Brightness  group  B4 
Brightness  group  B3 
Brightness  group  B(i 
Spare 
Word  code 


The  word  code  ol  Oil  identifies  the  instruc- 
tion as  a brightness  group  word 


Soction  3 — MMi?C  Programming 
Subsection  - MMSC  Insti'uctions 


FOltMAT  OF  DATA  STAItT/STOP  WORD 

Tlie  Data  Start/Stop  worcis  retrieve  a block  ol'  data  from  memor\'  and  control  tlie  displa\'  of 
this  data 


Data  Start  W ord  - 'Die  data  start  word  is  used  with  a data  stop  word  to  retrieve  from 
memon  and  control  the  display  of  a block  of  data  words,  tis  shown  below. 
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3b  33  32  31  30  29  28  27  26  25  24  23  21  20  17  16  13  12  0 


Data  Start  Word  Format 
CODING  DATA  START  WORD 


Bits  0 — 12  Data  Start  ^Vddress 
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CODING  DATA  STAltT  WORD  (CaHitinued) 


Bits  21  — 23  Symbol  address  MSB's 

Memory  Address 

23  22  21  Deei  mal  Octal 

~0  ”1)  ~T)  7l(i8  - 7235  KiOOO  - KllTT 

0 0 1 72!)(i  - 7423  1G200  - 10377 

(I  1 0 7424  - 7551  10400  - 10577 

0 1 1 7552  - 7070  10000  - 10777 

1 0 0 70S0  - 7807  17000  - 17177 

1 0 1 7808  - 7035  17200  - 17377 

1 1 0 7030  - 8003  17400  - 17577 

1 1 1 8004  - 8101  17000  - 17777 


Bit  24 

Spare 

Bit  25 

Expanded  sector  bit 

ES  = 0 Data  is  not  exijanded  sector  data 
ES  = 1 Data  is  to  be  displayed  in  the 
expanded  sector 

Bit  20 

Horizontal  displacement  bit 

11  = 0 Ignore  horizontal  displacement  code 
11  = 1 Use  horizontal  displacement  code 

Bit  27 

Velocity  vector  bit 

VV  = 0 Not  velocity  vector 
VV  = 1 Velocity  vector 

Bits  28-20 

Data  type  ca)de 

0 0 Forbidden 

0 1 Events 

1 0 Alphanumerics 

1 1 Processed  data  syml)ols 

Bits  30  - 31 

Display  mode 

0 0 Single  symbol  displa\- 

0 1 Line  type  I display 

1 0 Line  type  II  display 

1 1 In-line  A-N  displax 

Bit  32 

Test  bit 

T = 0 Not  test  word 
T = 1 Test  word 

Bits  33  - 35 

Word  code 

Section  3 — MMSC  Programming 
Subsection  - MMSC  Instiaictioiis 


FOiniAT  OF  DATA  STAKT/STOP  WORD  (Continued) 


Data  Stop  Word  — The  data  stop  word  is  used  to  deiine  the  emJ  of  a block  of  disfjlay  data 
words  in  the  MMSC  memon'.  Data  stop  words  are  always  used  in  conjuncticjn  with  a 
data  start  word.  Tlie  horizontal  displacement  code  for  sonar  events  is  specified  in  the 
word  and  the  coding  shown  beU)W. 
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35  33 

32 

31 

19 

18  13 

12 

0 

WORD 

code: 

1 0 1 
^ 1 

T 

1 1 

SPARE 

LA.  1— L,  1 

1 1 1 

mm 

1 

DATA  STOP  ADDRESS 
1 1 1 1 1 1 1 1 1 

Data  Stop  W'ord  Format 


HUGHES-FULLERTON 
Hughes  Aircriift  Company 
Fullerton,  California 


1 


CODING  THE  DATA  STOP  \V(JUD 


Bits  0 - 12 


Bits  13  - 18 


Bits  19  - 31 


Bit  32 


Bits  33  - 35 


Data  slop  address  (exclusive) 
Binary  code,  Bit  0 - LSB 
Bit  12  - MSB 


Horizontal  displacement  code  - sonar  events 
Binary  code.  Bit  13  — IISB 
Bit  18  - MSB 


Bit  13 
Bit  14 
Bit  15 
Bit  IG 
Bit  17 
Bit  18 


1 

2 

4 

8 

k; 

32 


LSB  of  dell. 
LSB  of  defl. 
LSB  of  dell. 
LSB  of  dell. 
LSB  of  defl. 
LSB  of  dell. 


= 0.015" 
= 0.030" 
^ 0.000" 
= 0.  120" 
= 0.240" 
= 0.480" 


Spare 
Test  bit 


Word  code 


^ 34  33  Data  stop  word 
10  1 


Section  3 - M.MSC  I’rograinming 
Subsection  ~ MMSC  Data  Words 


FORMAT  OF  POSITION  WORD 


The  localit>n  ol'  all  syinl)ols  and  lino  data  is  controlled  by  the  position  word. 


There  are  four  types  of  data  woi-ds  which  provide  detailed  display  information  in  an 
MMSC.  'Die  position  word  is  described  below.  'Die  Line  Word,  Alphanumeric  Word  and 
the  svmbol  code  words  are  described  in  the  following  topics. 

Position  words  are  used  singly  or  with  line  or  alphanumeric  words  for  display  of  all 
svmbois  and  line  data.  See  figure  on  the  opposite  page. 

'Die  X and  Y coordinate  fields  are  transferred  from  the  .Memory  Data  Register  to  the  X 
and  Y Detlection  Registers.  The  only  manipulation  of  the  coordinate  data  is  for  expanded 
sector  display. 

For  In-  Line  alphanunierics  the  first  A-N  displayed  will  be  located  at  the  X and  Y coor- 
dinates of  the  position  word. 

Each  stroke  in  the  symbol  code  word  has  its  lengtli  specified  as  IX,  2X,  3X,  or  4X  of 
the  resolution  given  by  bit  20.  Tlius  if  bit  20  is  0 the  stroke  lengtlis  are:  0.  020" , 0.  040" , 
0.000",  or  0.080",  if  bit  20  is  a 1 the  corresponding  stroke  lengths  are:  0.040",  0.080", 
0,  120"  or  0.  100". 

Tlie  subcategon’  ci;de  is  used  with  the  category  code  of  the  data  start  word  by  the  con- 
sole logic  for  comparison  with  the  operator  category  select  switches.  There  must  be 
at  least  one  1 in  bits  21-20  for  the  word  to  be  recognized  as  a position  word.  Bits  21- 
23  specify  the  sul3-categon’  associated  with  category-  bits  13  and  14  of  the  data  start 
word.  Bits  24-2(i  are  related  to  category  bits  15  and  10  of  the  data  start  word. 

The  address  LfsB's  of  the  first  synibol  code  word  of  the  symJjol  to  be  displayed  is  con- 
tained in  bits  27-32.  For  non-processed  data  symJjols  and  lines  - Type  II,  bits  1 through 
0 of  the  13  required  memory  address  bits  are  contained  in  the  symlDoI  address  code. 

For  processed  data  symljols  bits  2 through  7 are  contained  in  the  symbol  address  code. 

'Die  intensitv'  code  field  is  used  to  intensify’  the  symliol  or  line  at  a selected  level.  At 
the  50  F.  P.S.  frame  rate  and  the  operator  intensity-  controls  fully  CW,  intensity’ 
code  7 results  in  a symbol  brightness  of  25  ft-lamberts.  'Die  ratio  in  CRT  brightness 
for  any  level  to  tlie  next  lower  level  is  1.  G5:l. 

The  coding  is  shown  on  the  Taiile. 
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Bits  0 - 9 


X coordinate 


Binary 

code, 

Bit  0 - LSB 

Bit  9 - .MSB 

All  ’'0” 

s = 

Left  edge 

All  "1" 

s = 

Bight  edge 

Bits  10  — 

19 

Y coordinate 

Binary  code, 

Bit  10  - LSB 

Bit  19  - MSB 

All  ”0" 

s = 

Bottom  edge 

All  "1" 

s = 

Top  edge 

Bit  20 

Symbol 

size 

S = 0 = 

0.020' 

' stroke  resolution 

S = 1 = 

0.040' 

' stroke  resolution 

Bits  21  - 

20 

Sub-categor\-  code 

M 25 

M 

Octal 

23  22 

21 

0 0 

0 

0 Forbidden  eode 

0 0 

1 

1 SuJa- category  1 

0 1 

0 

2 2 

0 1 

1 

3 3 

1 0 

0 

4 4 

1 0 

1 

5 5 

1 1 

0 

6 Display 

1 1 

1 

7 Inliibit  display 

Bits  27  - 

_32 

SymiDol  Address  Code  Bit  27  LSB 

Bits  33  - 

Intensity  code 

35  34 

33 

Octal 

0 0 

0 

0 Blank 

0 0 

1 

1 Level  1 

0 1 

0 

2 2 

0 1 

1 

3 3 

1 0 

0 

4 4 

1 0 

1 

5 5 

1 1 

0 

0 0 

1 1 

1 

7 7 (brig: 

(brightest) 


Section  3 — MMSC  Proj;rainiuiiig 
Subsection  - MMSC  Data  Words 


>1 


FORMAT  t)F  IJxNF  WOltl) 


A line  word  is  used  to  define  the  direction  and  len^tli  of  a line. 

1 


The  direction  of  the  line  is  defined  by  the  sin  0 and  eos  0 bits.  The  length  of  the  line  is 
defined  b\  the  lengtli  code  and  the  starting  point  is  defined  by  the  position  word. 

82492  26 


35  29  28  27  26  21  20  19  10  9 0 


1 

1 

■ 

■ 

Line  Word  Format 

■) 

The  values  of  sin  6 (Bits  0-9)  and  cos  6 (Bits  10-19)  must  be  chosen  such  that  sin“0  - 
cos“0  =1.0  ± 0. 004  to  insure  accurate  line  scaling.  T e CRT  beam  velocity  is  con- 
trolled by  the  sine  and  cosine  values  and  if  by  error  the  alue  of  sin-G  + cus-0  < o,  ool 
the  beam  will  be  essentially  motionless  at  some  spot  witl  i possilhliW  of  phosphor 
damage. 

Bits  21  through  20  (the  word  code)  must  all  be  0 in  order  that  tlie  display  logic  may  dif- 
ferentiate between  a position  and  a line  word. 

The  length  code  (Ijits  29-35  determines  line  length  by  controlling  tlte  line  intensiW  im- 
blank  time.  Line  display  time  is  limited  to  4 psec  which  corresponds  to  2 inches  in 
line  length. 

The  coding  is  shown  in  the  taJjle. 


r 

I HLGHES-FULLEHTON 

E Hughes  Aircraft  Company 

E p'ullerton,  California 


-j 


Bits  0 “ 1) 


Bits  10  - 19 


Bits  21  - 2G 


Bit  27 
Bit  28 

Bits  29  - 3o 


CtiDING  t)F  LINE  WORD 


Bit 

0 

1 


3 


4 


0 


8 

9 


Sin  0 C(;cle 
Value 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 


Weight 

-0. 001 
-K) . 00 1 


-0.002 
■H).  002 

-0.004 
+0. 004 

-0. 008 
•R).  008 

-0.010 
-0. 016 

-0. 031 
-0. 031 

-0. 002 
to. 002 

-0.  12  f) 
-0.  12.9 

-0.2,9 
tO.  29 

-0.  9 

tO.  9 


Cos  0 Code 

Same  bit  weighting  as  the  SIN  0 CODE. 
Word  Code 

^1  23  iU 

0 0 0 0 0 0 


Spare 

Spare 

Lengtli  Code 
Binan-  Code 
Bit  29  = 0.021" 

Bit  30  = 0.042" 

Bit  31  = 0.084" 

Bit  32  = 0.108" 

Bit  33  = 0.330 
Bit  34  = 0.072 
Bit  39  = 1.  344 

(M/VXI.MUM  1J-:NGTH  is  2.0") 


J 
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Section  - MMSC  Frogniiuiuini; 
Subseelion  ~ MMSC  Diitn  \\  ords 

FORMAT  OF  A LPllANUMFUIC  WORD 


Alphaiiuinerie  words  are  used  with  a position  word  to  Ibrm  an  in-line  alpluuiumerie  display. 


The  alphanumeric  word  contains  tlie  s\  inl)t>l  code  word  start  addresses  lor  lour  alpha- 
numeric characters.  See  figure  on  the  opposite  page. 

For  a given  alphanumeric,  each  stroke  in  the  symbol  code  word  has  its  length  sijccified 
as  IX,  2X,  3X  or  4X  of  the  resolution  given  by  bit  0,  7,  14  or  2t)  depending  on  the  AX 
number. 

The  alphanumeric  (AX)  address  code  becomes  bits  1 - G of  the  complete  13  bit  symbol 
code  word  address.  The  AX  address  code  is  tlie  start  address  of  the  symljol  code  words 
tliat  define  the  AX  character. 

Bits  31  - 2()  must  all  be  0 in  order  that  tlic  display  logic  can  differentiate  position  words 
from  alphanumeric  words. 

There  are  two  options  for  tlie  center-to-center  horizontal  spacing  of  in-line  alphanu- 
merics,  0. 120  inch  and  0.240  inch  as  specified  by  bit  28. 

The  coding  is  shcAvn  in  the  taJjle. 


Section  ;j  - .^1^LSC  Programming; 
Sul)section  — MMSC  Data  Words 


FORMAT  OF  SVMBOl.  COOK  WORD 


MMSt'  s\  inl)ols  are  '•omposed  oi  sliort  line  segments  witli  variaJde  length  mid  direction  ami  ai-e 
deiined  by  llie  Symbol  Code  Word. 


S\  iubol  code  words  detinc  symbol  shajies  ior  the  symtiol  generator.  The  .M.\LSC  s\  inbols 
are  composed  of  short  line  segments  (strokes).  The  strokes  arc  placed  end  to  end  to 
I'orm  a complete  symbol.  Strokes  may  be  chosen  to  have  any  ol'  in  directions  witli 
being  vertical  and  90^’  to  tiie  right. 

The  stroke  length  is  variaJile  and  the  resolution  multiplier  in  the  position  or  alphanu- 
meric words  del'ines  the  aJisolute  stroke  length  values 

The  blank  bit  is  used  to  create  dashed  or  discontinuous  symljols  11  less  than  .I  strokes 
of  a svmljol  code  w'ord  are  necessary  for  a syinliol  the  unused  stroke  corles  must  have 
a 0 in  tlie  Ijlanl'i  liit. 

The  strokes  are  displai  ed  in  the  seiiuence,  stroke  1,  stroke  2,  stroke  3,  stroke  1, 
and  strok’e  .3 

The  last  s\  naliol  code  word  of  a particular  symbol  must  contain  a 1 in  bit  35  or  the  Sym- 
bol Address  Coimter  will  continue  to  increntent  and  additional  sx  inljol  code  words  will  be 
read  and  dis()layed. 

The  s\  nibol  word  coding  is  shown  in  the  taJjle. 


Bits  0 - (J 


Stroke  1 Code 


Bits 


7-13 


Bits  14  - 20 
Bits  21  - 27 


Bits  28  - 34 


s 

s. 

s 

s , 

s. 

s 

G 

» 

4 

3 

2 

1 

0 

- 

- 

0 

0 

0 

0 

stroke  Direction 

180^ 

- 

- 

0 

0 

0 

1 

9()o 

- 

- 

0 

0 

1 

0 

270« 

- 

- 

0 

0 

1 

1 

()0 

- 

- 

0 

1 

0 

0 

225<J 

- 

- 

0 

1 

0 

1 

13.-/^ 

- 

- 

0 

1 

1 

0 

313^ 

- 

- 

0 

1 

1 

1 

43<> 

- 

- 

1 

0 

0 

0 

207^ 

- 

- 

1 

;) 

0 

1 

117" 

- 

- 

1 

0 

1 

0 

297" 

- 

- 

1 

0 

1 

1 

27" 

- 

- 

1 

1 

0 

0 

243" 

- 

- 

1 

1 

0 

1 

153" 

- 

- 

1 

1 

1 

0 

333" 

- 

- 

1 

1 

1 

1 

(i3" 

- 

1 

1 

- 

Stroke  Lcngtli 

1 

- 

0 

1 

- 

■) 

- 

0 

0 

- 

3 

- 

1 

0 

- 

4 

0 

- 

- 

Blank 

1 

- 

- 

Unlilank 

Stroke  2 code 
Stroke  3 code 
Stroke  4 code 
Stroke  5 code 


Bit  3~) 


LW  - 0 - Not  last  symbol  code  word 
LW  = 1 = Last  svinbol  code  word 


Soctiim  3 ~ MMSC  l’r(if;r;iiniuiiit^ 

Sul)section  — MMSC  Symbols 

DIUKCTION  AND  l.i:X(.'.Tll  ('Ol)lM:  FOR  SVMBUUS 


Tlie  leiiglli  ol  strokes  ;ind  the  immljer  ol  strokes  lor  ;iiu  ss  niljol  tliat  is  displayefi  is  limited  b\ 
the  d\  iiamie  ratifte  ol  the  s\  tnljol  iiitef^rator  and  Uie  eiimulative  |)osition  error 


Symijol  Shape  Coding  - The  design  oi  a s\  iulj(d  sha|)e  and  the  generation  oi'  its  re(|uired 
s\  inbol  eode  words  will  Ije  iaeilitated  by  adhering  to  the  guidelines  and  restrietions  jjre- 
sented  in  this  section. 

SymIjol  Design  Limitations  - The  mitximum  length  per  axis  lor  any  symljol  using  one 
position  word  is  ± 3/3"  (0. 375).  This  requirement  is  imposed  by  the  dynamic  range 
cd' the  symtjol  integrator. 

Due  to  cumulative  position  error,  use  of  more  tliait  30  strokes  l'(;r  any  symJjol  is  not 
recommended.  SymJjols  witlt  larger  numJjers  of  strokes  wall  tend  not  to  "close”,  i.  e. 
tlie  last  stroke's  position  will  be  in  error  by  an  amount  proportional  to  tlie  numljer  of 
strokes  and  becomes  notictiljle  for  large  numJjers  of  strokes. 

Stroke  directions  are  tlte  10  given  in  the  Table. 

For  s\  nibols  with  tlie  0.040  in  resolution  multiplier  the  following  length  count  restric- 
tion applies:  'rite  sum  of  the  stroke  length  counts  for  a symbol  must  not  exceed  the 
ciuantity  12x  no.  of  symbol  code  words  read  from  memory. 

Lengtli  Coding  - Stroke  lengths  are  specified  on  an  axial  basis.  For  stroke  directions, 
45^^,  135",  and  315",  the  X and  Y components  of  direction  are  eciual.  For  stroke 

directions  0*^’,  90",  180",  and  270°,  either  X or  Y component  of  direction  is  zero.  For 
the  aliove  eight  directions,  one  lengtli  count  is  required  for  each  desired  increment 
of  X and  Y movement.  The  increment  of  movement  will  be  either  0.  020"  or  0.  040"  de- 
pending on  tlie  resolution  multiplier.  For  the  remaining  eight  stroke  directions  there  is 
a two-to-one  axial  relationship  as  depicted  in  the  figure.  The  lengtli  count  specifies 
the  longer  component  for  these  27°  and  03°  strokes.  Tlie  length  counts  are  summarized 
in  the  Table. 


0110 

1110 

V 

1010-% 

0010 

2 ^ 

270° 

1100-^ 

/ f 

/ 

0100 

^ / 

1000 
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St'l'tion  3 - MMSC  I’rogrammiii”' 
Suhsi'clion  — M!\1SC'  S\  niliuls 


OKSIGX  OinnKLlN'KS  F()l{  NUMIGGC'  SYMliOLS 


Guideline's  and  examples  arc'  ^i\'en  to  sliow  tlie  proc:ess  ol  pronramniin^'  liii;'lil\  leKdde  numeric 
syniliols  w illi  minimum  strokes  ;irranf>ed  in  optimum  se(|uenee^  


Symbol  IX'sign  Guidelines  - Two  exam])les  oi  numeric  symbol  sha))es  are  n'iven  as  aids 
nrdcbsi];ning  other  symitols.  The  primary  attribute  of  a well  designed  symbol  is  legibility 
under  \ aried  operating  eondilions.  S\  mbol  aesthetics  and  economy  ol  strokes  are  im- 
portant considerations  in  symbol  display.  Sy  mbols  shoidd  be  designed  on  a grid  ol  either 
0,02  inches  or  0.04  inches  scale  to  facilitate  coding.  These  remarks  a|jply  equally  to 
al[)hanuitieric  or  geometric  symbols  described  in  the  succeeding  topic. 

Example  1 - The  numeral  2 shown  in  Figure  A is  a straight  forward  design  requiring 

8 strokes.  The  use  of  0.020  in.  stroke  segments  indicates  the  resolution  bit  of  position 
words  and  alphanumeric  words  would  be  required  to  be  a "0"  for  this  O.OSO  in  by  0.120 
in.  size.  The  symbol  can  be  doubled  in  size  by  setting  the  resolution  bit  equal  to  "I". 

The  representation  giyen  will  differ  from  the  displayed  symbol  in  several  ways.  Line 
width  is  often  overlooked  when  a sketch  is  prepared.  Stroke  8 is  scaled  to  0.010  in.  in 
width.  The  effects  of  line  width  are  mo.st  pronounced  for  small  closed  .symbols.  The 
junctions  between  strokes  of  different  orientation  is  a smooth  curve.  The  CRT  beam 
mu.st  be  considered  as  having  inertia.  The  wide  bandwidth  circuitry  of  the  MMSC  will 
limit  overshoot  for  abrupt  direction  changes  to  less  than  1/2  line  width.  The  sum  of  the 
length  counts  for  all  8 strokes  is  17  which  is  less  than  24  (12  x 2 symbol  code  words) 
allowable  for  40  mil  resolution  disphiy. 

The  detailed  coding  of  the  two  symbol  code  words  forthc  numeral2  is  given  in  Figure  C. 
Note  that  the  direction  codes  for  strokes  9 and  10  are  not  all  zero.  The  code  for  stroke 

9 retraces  the  path  of  stroke  8.  The  stroke  followdng  the  last  displayed  stroke  should 
either  retrace  or  continue  in  the  same  direction  as  the  last  stroke.  This  will  itreclude 
the  possibility  of  a "tail"  at  the  .symbol  termination  due  to  misalignment  of  the  intensity 
circuits.  The  code  of  stroke  10  returns  the  beam  to  the  symbol  origin.  The  important 
concept  is  that  all  five  direction  codes  of  a symbol  word  move  the  CRT  beam  in  some 
manner,  failure  to  account  for  strokes  may  cause  the  beam  to  exceed  the  ± 0.37.7  inch 
dynamic  range  of  the  integrators. 

Examttle  2 — The  numeral  .f  as  shown  in  Figatre  15,  requires  10  strokes  or  2 symbol 
code  words.  total  of  19  length  counts  are  used  which  means  the  character  may  have 
either  0.020  inch  resolution  (shown)  or  0.040  inch  resolution.  Strokes  6.  7,  and  8 arc 
curvcfl  to  aid  in  distinguishing  the  5 from  an  s.  The  detailed  coding  lor  the  symbol  code 
word  is  given  in  Figure  D. 
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HFGHES-FFLI.ERTON 
Hughes  ,\ircr,ift  Company 
Fullerton,  California 


Fij’ure  C.  Coding  lor  tlio  Syniliol  2 


a.'’492  4 1 
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Si.'ftion  - MMSC  Programming;' 
Suhsi'c'tion  — MMSC  Symltols 


DKSIC.N  C.ni)K LINKS  FOR  GKOMKTmC  SYMBOLS 


Two  exampk-s  ol  ';eonK‘trif  s\ mhols  are  i;i\'i‘n  and  tlii'  motluKl  ul  prcjf;ramminf>'  is  explained. 


Kxample  1 — The  processed  data  syml)ol  of  the  Fif^ure  A below  is  an  approximation  o\ 
a ([uarter  inch  circle.  The  symbol  is  desif>ned  with  20  mil  resolution  to  achieve  smooth 
cur\etl  se‘>mcnts.  .As  I!)  strokes  are  required,  4 ssmbol  code  words  must  be  codefl. 

Since  length  code  criteria  is  met.  the  same  symlml  code  words  may  be  u.sed  with  the 
40  mil  resolution  bit  eciual  to  "1"  to  display  a 1/2  inch  circle.  See  Figure  D on  the  op- 
posite page  for  coding. 

Fxample  2 — Two  approaches  to  the  design  of  processed  data  symbol  No.  2 are  given  in 
Figures  R and  C on  the  opposite  page.  The  symbol  was  designed  using  40  mil  resolu- 
tion. Sequence  B is  preferred  over  sec|uence  .A  to  minimize  CRT  beam  "inertia"  effects. 
The  sum  of  length  counts  of  the  first  eight  strokes  is  24  which  indicates  that  for  two 
symbol  code  words  read  Irom  memory  no  time  is  available  for  strokes  9 and  10.  .A third 
sN'inbol  code  word  is  required  to  allow'  display  of  strokes  9 and  10,  This  third  word  would 
ha\e  all  unblanlY  BITS  set  to  "0"  and  the  direction  and  length  codes  could  be  any  arbitrarx' 
\)aUern.  Strokes  9 and  10  would  be  coded  in  the  second  symbol  code  word. 


Figure  A.  Processed  Data  Symbol  No.  1 
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j Sui)SOct  ion  — S|)(.'t‘ial  1‘i‘almas 
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1 

\ DlSl’l.AY  C)1  LINKS,  IN- LINK  A Ll'llANUMKRIC  AND  PASSIVK  DATA 

I Additional  toaUiri'S  ol  tlir  MMSC  iiududo  llio  disphiy  ol  iinc-s,  in-line  alphanumei'icK  and  passive 

sonar  data.  

Line  Displax  (u'neration-  The  MMSC’  ean  display  line  segments  up  to  two  inehes  in 
lenglli.  The  numlier  oi  lines  presented  eaeli  Irame  is  limited  only  by  the  amount  ol 
sx  mbols  that  must  be  displayed  in  a Irame  period.  For  line  display  only,  2r)00  lines 
m;i\  1)0  displayed  at  the  oO  11/  Irame  rate  or  a.TOO  at  the  35  Hz  Irame  rate. 

Two  data  words  stored  in  the  MIMSC  memory  define  a line.  A position  xx'ord  provides 
the  start  point,  eategory.  intensity,  and  for  Type  II  lines,  the  memory  location  of  the 
line  word.  The  accompanying  line  word  defines  the  line  direction  and  length.  7’he  posi- 
tion word  must  always  precede  the  line  w'ord.  Position-line  word  pairs  cannot  be  inter- 
lui.xed  witJt  the  position  words  that  define  symlmls.  Separate  data  start-data  stop  in- 
structions word  pairs  are  required. 

Une  display  time  is  8 microseconds  for  any  length  line  up  to  2 in.  Lines  associated  with 
track  s vmbols  mav  be  ..esignated  as  velocity  vectors  by  setting  bit  2 7 of  the  data  start  word. 

This  action  transfers  control  of  the  line  brightness  from  the  Lines  brightness  control 
to  the  Symbols  lu'ightness  control.  Sufficient  length  and  angular  resolution  e.xists  to 
permit  connection  of  line  segments  to  form  grids,  maps,  graphs  and  long  lines, 

In-Line  Al|)hanumerics  - The  in-line  alphanumeric  mode  is  particularly  suited  for 
display  of  alphanuinerics  to  accompany  track  symbols  or  to  present  lines  of  text. 

A position  word  must  precede  any  group  of  alphanumeric  words.  The  position  word 
i establishes  the  coordinates  of  the  first  alpha  character,  and  the  intensity  and  sub- 

category of  all  in-line  alphanumerics  that  follow  until  the  next  position  word.  In  a block 
1 of  display  data  defined  lyv  a data  start-data  stop  instimction  word  pair  there  may  be  as 

I manx'  position  words  with  following  alphanumeric  word(s)  groups  as  desired. 

► 

1 

; Generation  of  a blank  character  such  as  occurs  at  the  end  ol  a sentence  is  accomplished 

‘ l)v  addressing  a symbol  code  location  that  has  the  unldanlv  bit  for  each  stroke  a "0". 

Use  of  the  keyboard  on  the  MMSC  to  enter  text  on  the  display  screen  requires  a pro- 
gram xvithin  the  system  computer  as  the  keyboard  does  not  directly  enter  data  into 
MMSC  memory.  The  computer  program  must  talce  the  keyboard  interrupts  it  receives 
as  keys  are  depressed  and  format  them  into  [losition  and  alphanumeric  xxords.  Genera- 
tion of  a .small  marker  for  a cursor  to  indicate  to  the  operator  xxhere  the  next  character 
entered  xvill  Ije  displayed  is  performed  l)v  the  computer. 

Passive  Data  Display  — Display  of  passive  sonar  data  from  the  PDMU  is  initiated  by- 
setting  the  P bit  (liit  -11)  format  control  word.  Display  of  the  passive  data  takes 

precedence  over  memory  data.  The  symbols,  lines,  and  alphanumerics  that  are  to  ac- 
company the  passive  data  are  displayed  in  each  frame  folloxving  the  last  line  of  passive 
displav.  In  the  passive  mode  all  symbols  are  displayed  at  the  44  Hz  PDMU  frame  rate. 

.\s  displax-  of  the  PDMU  data  may  take  nearly  the  entire  display  frame,  tlie  number  of 
svmljols  diS|3layed  is  limited.  Refer  to  Appendix  B for  detailed  timing  limitations.  Con- 
trol of  passixm  data  formats,  CRT  placement,  and  number  of  bands  and  lines  displayed 
is  done  xvith  external  function  and  instruction  words  to  the  PDMU  from  the  computer. 
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llOltl/ONTAL-DlSPLACEMENT  ANO  EXPANDED- SECTOIt  DlSl'LAVS 


The  horizontal-displacement  is  available  to  separate  closely  spaced  sonar  events.  Ttic 
exi>anded-sector  increases  visibility  in  areas  of  ci-owdcd  display  by  enlarging  that  sector. 


Horizontal  Displacement  - The  MMSC  horizontal  displacement  leature  is  used  with 
sonar  events  only  and  permits  the  operator  to  separate  closely  spaced  events. 

When  the  il  bit  (bit  2H)  of  a data  start  instruction  is  "1"  and  the  data  t>  pe  field  spec- 
ifies sonar  events,  the  horizontal  displacement  field  of  the  following  data  stop  instruc- 
tion is  used  to  offset  all  the  events  specified  by  the  instruction  word  pair,  by  a small 
amount  in  the  -X  (left)  direction.  No  displacement  occurs  in  the  vertical  direction. 

The  amount  of  displacement  from  the  X coordinate  in  each  position  word  is  the  same 
for  all  events  of  an  instruction  pair.  The  scaling  given  in  tlie  data  sto))  instruction 
description  is  for  the  operators  panel  Disidacement  control  fully  CW.  .As  the  Disidace- 
ment  control  is  rotated  CCW  the  scaling  is  in-oportionately  reduced.  At  lull  CCW  tlie 
events  will  be  displayed  at  the  position  word  coordinates.  The  primary  use  of  hori- 
zontal displacement  is  e.\i)ected  to  be  the  display  of  ping  history.  The  newest  ping 
would  have  no  horizontal  displacement,  the  next  oldest  would  have  a small  increment, 
tlie  ne.xt  oldest  ping  a greater  increment,  etc.  By  use  of  the  o|jcrator  control  all  pings 
may  be  displayed  on  the  beam  line  or  displaced.  Horizontal  disiilacement  may  be  used 
with  e.xpanded  sector  and  time  compressed  sonar  e\'cnt  displays. 

Expanded  Sector  — The  e.xjianded  sector  logic  within  the  console  permits  repositioning 
data  on  the  display  by  changing  instruction  words. 

When  tlie  ES  bit  (bit  2!))  of  the  format  control  word  is  "1"  the  following  occurs:  each 
data  start  word  read  is  examined  for  the  state  of  its  ES  bit  (liit  2, a),  if  "0"  tlie  X and 

Y coordinate  msb's  of  each  position  word  read  are  compared  with  the  stored  quadrant 
designator  from  the  format  control  word.  If  the  disiilay  data  is  in  theES  ciuadrant  it  is 
blanked  and  not  visible  on  the  console  CRT,  If  the  display  data  is  not  in  the  ES  quadrant 
the  data  is  displayed.  If  the  data  start  ES  bit  is  "1"  the  X and  A'  MSB's  in  each  position 
word  are  not  used.  The  Quad  bits  of  tlie  format  control  word  become  the  X (liit  28)  and 

Y (Iht  27)  .flection  .MSB's  and  the  daca  is  displayed.  The  display  logic  eliminates 
all  non-expanded  sector  symbols,  events,  line,  etc  from  the  designated  quadrant 
and  locates  the  expanded  sector  display  data  in  tlie  ES  quadrant.  Coding  by  the  com- 
puter of  the  !J  LSB's  of  the  X and  Y coordinates  in  each  position  word  determine  the 
degree  ol  e.xpansion  on  the  display.  By  carelul  use  ot  two  or  more  format  control  words 
more  than  one  expanded  sector  cjuadrant  may  be  designated.  For  exiianded  sector 
purposes,  the  quadrant  for  in-line  alplianunierics  is  that  of  tlie  line  start  position  word. 
Expanded  sector  operation  in  no  way  effects  passive  data  disiilay. 
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OPKKATIONS  SKi,,U'[;X(_’K  l.\  DISPI.AVINX;  I'lM  K-COM  I’lih'SHPO  IMN(;  lllS'l'OHV 


A uniquo  U'alure  ol'  llu'  MMSC  display  is  Time  Compression  ol  I’in^  liistory  uliicli  allows  several 
minutes  ol  pin^  history  to  be  ilisplayed  in  a less  hundred  milliseecjiids. 


rime-Compressed  Pin^  liistory  — Tlie  MMSC  time  eompression  eapabilit\-  permits  ecjn- 
trol  over  display  timin^  seciuenees  with  only  a minimum  oi  interaction  with  the  system 
computer.  This  capability  tillows  control  over  the  time  dimension,  a cajjability  usually 
not  pi’oviiled  on  other  tiisplays. 

Time  compression  implies  that  data  is  tiisplayed  at  ;i  I'ate  greater  than  the  sontir  |)ing 
rate.  Tlie  .M.MSC  will  display  several  minutes  ol  ping  histor>'  in  oldest  to  newest  ping 
setiuenee  in  a lew  hundred  milliseconds. 

Ping  Display  Seciuenee  — For  time  compressed  ping  history  display  up  to  l(j  pings  may 
Ijo  utilized.  'Fhe  .MMSC  can  display  nominally  ^aoo  sonar  events  at  the  50  llz,  frame 
rate  oi-  ;ir>00  events  at  the  3.5  llz  frame  r:tte,  thus  the  number  of  pings  must  Ite  weighed 
against  the  number  of  events  per  ping.  A data  start-data  stop  instruction  word  pair 
defines  the  events  of  eaeh  ping.  The  ping  number  field  of  the  data  start  word  is  used 
to  control  [ang  display  sequence  over  a time  eom|)ression  eyele.  Ping  number  code 
"00"  will  lie  tlve  first  displayed,  "01"  the  next,  etc.  Normally  the  oldest  ping  will  have 
ping  number  00.  .After  a new  ping's  ewents  have  been  loaded  in  .MMSC  memory  all  data 
start  word  i)ing  numljers  must  be  updated.  For  oldest-to-newest  ping  display  sequence 
eaeh  u]xlate  would  reciuire  the  ping  numbers  to  be  reduced  by  1. 

W ithin  a given  frame  the  ihng  seciuenee  is  determined  by  the  order  of  instruetion  w’ords. 
The  frame  ping  setiuenee  may  be  visually  important  foi'  short  time  eompression  cyeles. 
.As  both  the  longer  term  and  individual  display  fnime  ping  sequence  are  controlled  by 
the  computer,  considerable  fle.xibllity  e.xists  to  create  varietl  visual  effects. 

Data  in  memory  not  identified  as  sonar  events  such  as  alphanunierics  or  jn'oeessed 
data  symiDols  w ill  not  be  time  compressed  but  will  be  disi)layed  in  a normal  way  eaeh 
frame. 

Time  Compression  Parameters  — A single  time  eompression  cycle  is  diagrammed  in 
the  figure.  It  consists  of  a disj^lay  peritxi  and  the  dwell  periixi.  The  disi)la>'  period 
may  be  several  seconds  in  duration.  The  dwell  period  is  variable  from  1 to  .32  display 
frames  and  during  this  interval  there  is  no  display  of  any  sonar  events. 

The  display  ])eriod  is  composed  of  up  to  .32  ihng  j^rogression  ])eriods  which  in  turn  are 
1 to  It)  display  frames  in  length.  The  frame  period  (or  rate),  ihiig  progression  iK'riixi, 
display  ))eri(xl,  and  dwell  i)eri<xl  are  specified  by  tlie  format  control  word. 

Tlie  console  contains  a number  of  counters  and  eoniiiarators  that  act  upon  the  lime  com- 
pression parameters  in  the  following  manner.  During  the  first  ping  iirogression  period 
of  a time  eompression  cycle,  only  that  ping  with  ping  number  00  is  displayed.  It 
alone  is  displayed  for  as  many  frames  as  make  up  the  ping  progression  periixl.  In 
the  figure  this  would  be  six  frames.  Eaeh  event  of  the  |)ing  is  displayed  just  once  iier 
display  frame.  During  the  second  ping  progression  periixl  both  jiing  No.  "00"  and  "01" 
are  displayed.  Similarly  during  the  third  ping  progression  periixl  jiings  00.  01.  and  02 
are  displayed  for  the  number  of  frames  that  make  uj)  the  ping  progression  periixl.  When 
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(he  miml)er  ol  ping  progression  pcJ'iods  equals  tlie  (li.s)>la,V  pei'iixl,  (lor  the-  liguie  this 
wouiil  lie  ten)  the  dwell  periiKl  is  stai'led  and  no  c'Venls  ai'e  displayed. 

riie  eotiqiuter  also  lias  Hie  eai>al)i lit,\  to  \ai'\  the  intensit\'  levels  ol  the  events  witli  timi 
to  turther  i-nhanei*  the  tinu-  eompression  eapahililv  . The  time  compression  brightness 
gi'oiip  word  is  used  to  spivilN  the  disjilay  bi'ightness  sequence  ol  each  ping.  The  in- 
teiisilN  einle  Held  in  laieh  e\eiit  position  woial  is  not  used,  reler  to  line  H of  the  ligure. 
The  iiing  progression  periinls,  te,  are  numbered  Irom  ()  to  ;il  nuiximum  and  this  is  the 
U count.  The  number  of  B counts  is  specified  in  bits  11- la  of  the  format  control  word. 
For  any  ping  the  brightness  group  15:  selected  is:  i 15  - P 

where  i is  a selected  brightness  group  Bq,  B2 Bj, B,^.  B is  the  current  1 

count  and  Pis  the  ping  number.  For  B-  P<0  tliere“is  no  display  of  the  pings  events.  For 
15- P > <)  the  brightness  group  selected  is  B(p  The  15;  intensity  code  may  be  anv  one  ol 
the  ^ levels.  .All  events  of  a given  ping  are  displayed  at  tlie  same  intensiU  level. 


! ta  I 


1 1 


1 111 


— CYCLt- • 

tb  I td 


•*B’’  COUNT 


T.C  CYCLE  DISPLAY  PERIOD  tb  - 14.6  SECONDS  MAX 
PING  PROGRESSION  PERIOD  tc  458  ms.  MAX 
DWELL  PERIOD  td  916  ms.  MAX 
FRAME  PERIOD  tf  • 20  ms.  * 50  Hz. 

28.6  ms.  ^ 35  Hz. 


Operations  Sequence  in  One  Time-Comj)ression  Ping'  History 
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FACTOKS  IN'  AClllFVING  rilK  DFSIKKI)  HHIGllTNFSS  IN  PING  HISTORY 


The  control  ol  brightness  of  the  ping  disphiy  allows  variaJjle  CRT  phosphor  simulation  in  Time 
Compressed  ping  hisU)ry.  An  example  showing  (i  pings  is  given  and  discussed. 


An  example  is  given  for  six  pings  in  the  figure.  The  brightness  group  selected  for  each 
ping's  events  is  gi\en  as  a function  ol  the  ping  progression  period.  Part  R of  the  ex- 
ample illustrates  2 frtimes  of  ping  i)i'ogression  period  r>.  .Assume  Itrightness  grou[j  Bo 
is  coiled  7 (m  ximum  intensit\),  B1  (j,  B2  5,  BG  = 1 and  there  are  lour  frames 

per  ping  progiession  period  (i>arameter  C). 

Ping  Number  2 , as  an  example,  is  not  displayed  during  the  4 frames  each  of  ping  pro- 
gression periods  "0"  and  ”1".  During  the  four  frames  of  period  2 the  events  of  ping  2 
are  displated  at  the  Bo  intensitt  level.  7.  'Fhe  next  period  |ting  2 events  are  displayed 
at  le\el  G as  the  B1  eode  is  selected.  During  ping  progression  periods  8 through  l.G 
BG  is  selected  for  ping  2.  Each  ping  has  tlie  same  sequence  except  they  are  staggered 
in  time.  VisualKtlie  events  of  each  ping  would  be  fully  intensified  then  dimmed  smoothly. 

\'isual  Effects  — Both  the  CR  T phosphor  and  the  ol:)ser\'ers  eye  will  tend  to  integrate 
repeated  excitations  thus  causing  the  numljer  of  frames  ping  progression  period  (pa- 
rameter C)  to  be  as  important  as  the  brightness  group  in  determining  peaJ<  brightness. 
By  appropriate  brightness  group  coding,  bright  to  dim,  dim  to  bright,  dim-bright-dim 
or  uniform  ping  brightness  profiles  may  be  utilized  for  time  compressed  displays. 
The  CRT  phosphor  used  in  the  console  decays  to  1%  of  excitation  brightness  in  300 
microseconds  therefore  one  frame  of  dwell  time  is  sufficient  to  achieve  a dark  display. 


rSrightness  Control  in  Displaying  Ping  History.  Tlic  ligure  sliows  six  pings  and  the  changes  in  brightness 
control. 


3-2 


i 


SECTION  4 

PI) MU  PHOGUAMMING 


PD  MU  Functional  Description 


General  Principles  of  Operation  of  Passi\  e Daui  Memory  Unit I-O 

Program-Accessible  PDMU  Units  Involved  in  Generating  BTH 

Displays 'i-- 

Sequence  of  PDMU  Operations  During  BTK  Display  Frame 4-4 

PDMU  Word  Formats  and  Usages 

I'ormat  of  PDMU  Instruction  Word -f-ii 

Format  of  PDMU  Intensity  Word -4-” 

Using  PDMU  Words  to  Generate  SUitic  BTH  Displays 4-> 

Using  PDMU  Words  to  Generate  Rasters  for  Dynamic  Displays 4-12 


Section  •!  - i’UMU  I’rottramining 
SulJsecUon  - I’UMU  I'uncUonal  Description 

C.KXKUAL  P1UNCIPU;S  OP  OPKHATION  OF  PASSIVE  DATA  MEMORY  UNIT 


The  PDMU  creates  CRT  Ijeam-tlcl'lecting  pulse  trains  in  synchronism  with  intensity  iimdulation 
signals  to  control  tlie  formation  of  BTR  displays  of  ptissive  sonar  data  on  the  MMSCs  Seven 
b;isic  BTR  formats  are  availaJ)le. 


The  PDMU  receives  passive  sonar  data  from  the  computer  to  use  in  generating  BTR 
displays  on  the  MMSCs  The  i)ussive  sonar  data  is  formatted  by  the  computer  into 
words  composed  of  3-bit  intensity  codes,  witli  each  3-bit  code  representing  the  transient 
or  time-averaged  signal  strengtli  of  one  acoustic  beam  at  some  instant  of  time.  The 
BTR  displays  are  realized  in  the  MMSCs  by  using  the  3-bit  codes  to  intensity-modulaie 
a raster  display.  The  PDMU  transmits  the  intensity  codes  to  the  console  along  with  the 
deflection  pulse  trains  recgiired  to  generate  the  raster. 

The  dimensions  of  the  raster  presented  on  the  console's  CRT  are  shown  in  the  figure 
below.  The  display  may  be  partitioned  into  a number  of  horizontal  display  bands 
separated  by  dark  spaces  (blank  lines)  to  permit  a number  of  time  intervals  to  be  dis- 
played. The  PDMU  program  words  are  used  to  control  this  function. 

The  PDMU  can  generate  the  BTR  display  in  seven  basic  formats,  with  the  computer 
controlling  the  format  to  be  displayed.  This  is  accomplished  by  the  computer  sending 
a passive  format  e.xternal  function  word  to  the  PDMU  with  the  desired  format  to  be 
displayed.  The  display  parameters  for  the  seven  formats  are  listed  in  the  taijle  on  the 
facing  page.  The  timing  ditigram  of  Figure  B illustrates  the  timing  of  one  line  for  each 
format.  The  "P"  times  of  Figure  B represents  2- microsecond  memory  cycle  times. 
During  the  display  portion  of  a line  the  memory'  is  continuously  accessed  for  display 
data,  and  only  during  the  8 Us  -c  retrace  interval  is  tlie  memory  availaljle  for  I/O 
operations.  The  PD.MU's  Frame-Rate  Generator  causes  the  BTR  display  to  be  re- 
freshed at  the  rate  of  44  frames  per  second.  At  the  time  the  frame  start  signal  is  set, 
the  electron  beam  of  an  .M.MSC  is  at  the  lower  left  corner  of  the  rectangular  passive 
display  area.  The  electron  beam  motion  for  display  of  passive  data  is  from  left  to 
right  and  bottom  to  top. 
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Figure  A.  Raster  Dimensions  for  BTR  Display 
of  Passive  Sonar  Data  on  MMSC 
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DISPLAY  PAKAMKTKKS  I'OU  SLVKN  BTU  FORMATS  AVAILAIiLK  FOR  MMSC 
DISPLAY  OF  ILASSIVL  SONAR  DATA 


Display 
P<jsition 
on  MALSC 


RETURN 
BEAM  TO 
LEFT 
MARGIN 
SERVICE  I/O 
REQUESTS 


GENERATE  12  MHz  AX  PULSES 
•SHIFT  INTENSITY  CODES  AT  6 MH7 
DISPLAY  144  INTENSITY  CODES 


FORMAT  NO.  1 


GENERATE  6 MHz  AX  PULSES 
•SHIFT  INTENSITY  CODES  AT  6 MHZ 
DISPLAY  288  INTENSITY  CODES 


FORMAT  NO.  2 


GENERATE  6 MHz  AX  PULSES 
SHIFT  INTENSITY  CODES  AT  6 MHz' 
DISPLAY  144  INTENSITY  CODES 


FORMAT  NO.  3 


INCREMENT  THE  INTENSITY 
DATA  ADDRESS  COUNTER 
AT  12  MHz 


GENERATE  12  MHz  AX  PULSES 
SHIP.  INTENSITY  COOES  AT  3MHz- 
DISPLAY  72  INTENSITY  COOES 


FORMAT  NO.  4 
INCREMENT  THE  INTENSITY 
DATA  ADDRESS  COUNTER 
AT  12  MHz,.. 


GENERATE  12  MHz  AX  PULSES 
•SHIFT  INTENSITY  CODES  AT  3 MHz 
DISPLAY  72  INTENSITY  CODES 


FORMAT  NO.  5 


GENERATE  12  MHz 
AX  PULSES.  SHIFT 
INTENSITY  CODES  . 
AT  6 MHz,  DISPLAY 
72  INTENSITY 
CODES 


BLANK,  SHIFT 
INTENSITY 

.CODES  AT 

6 MHz,  BLANK 
DISPLAY 


FORMAT  NO. 6 


GENERATES 12MHz 


AX  PULSES, SHIFT 
INTENSITY  CODES 
AT  6 MHz. DISPLAY 
72  INTENSITY 
CODES 


BLANK,  SHIFT 
INTENSITY  CODES 
AT  6 MHz.  BLANK 
DISPLAY 


FORMAT  NO.  7 


Figure  B.  Line  Timing  for  One  Line  of  Kach  BTR  Display  Format 


.M;Lxiinuin 
Number 
of  Lines 
Generntecl 

Number  ot 
Beams  l^er 
line 

Number  ol 
Inten.  Code 
Words  / line 

Haste r Width 
on  .M.MSC 
Display  (In. ) 

Displayed 

Beam 

Width  (In. ) 

No  Display 
(i80 

1-14 

12 

8.2 

0.  0.-)8 

3-10 

288 

24 

8.2 

0.020 

080 

144 

12 

4.  1 

0.  020 

080 

72 

0 

8.  2 

0.  110 

080 

72 

(i 

8.2 

0.  no 

080 

72 

4.  1 

0.  058 

080 

72 

0 



L^'.^  . J 

0.058 
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Soe-tion  1 - PDMU  Programming 
Suhsoction  — POMP  IXmctioiuU  l)i>scri[)tioii 


PlUKiHAM-ACC'KSSlBl.l-:  l>l)MP  UNITS  1N\'(  )lAn;i)  IN  GI'JCK  HATING  BTH  DISPl.AYS 

riu>  PDMP  registers,  emmlers,  ami  logic  that  are  directly  utili/.ed  in  generating  the  BTH  dis- 
play and  are  program  aecessihle  are  described. 


Format  Hegister  - The  Format  Hegister  of  the  PDMU  (see  lacing  figure)  is  loaded  u|)on 
receipt  of  a passive  format  external  function  word.  The  format  defines  the  display  para- 
meters for  the  BTH  presentation. 

When  |)ower  is  first  applied  to  the  PDMU  the  I’ormat  Register  is  reset  to  format  zero. 

In  this  format,  tltree conditions  are  true:  the  PDMU  is  placed  in  the  input/outinit  mode, 
no  BTH  display  data  is  generated,  and  every  memory  cycle  is  available  for  input/output 
operations  with  the  comi)uter.  In  this  format  the  maximum  data  transfer  rate  between 
the  computer  and  the  PDMU  can  be  accomplished.  The  computer  can  place  the  PDMU 
in  the  input/output  mode  at  any  time  by  simply  sending  a passive  format  external  function 
with  a format  code  of  0.  When  any  of  the  other  seven  formats  are  sent  to  it,  the  PDMU 
will  begin  generation  of  the  specified  inissive  format  at  tlie  completion  of  its  current  l/o 
oiieration. 

Program  Instniction  Register  - When  a new  program  word  is  accessed  from  memory 
it  is  loaded  into  the  Program  Instruction  Register,  The  new  program  word  is  stored 
in  this  register  while  the  instruction  type  is  being  decoded  and  during  the  performance 
of  the  specified  instniction. 

Intensity  Data  Address  Counter  - The  Intensity  Data  Address  Counter  specifies  the 
memory  location  from  which  the  current  intensity  code  word  is  being  extracted.  This 
counter  is  initially  loaded  from  the  Program  Instniction  Register. 

Program  Address  Counter  - The  Program  Address  Counter  specifies  the  memory  loca- 
tion of  the  current  program  instruction  word. 

Memory  .Address  Register  - The  IMemory  Address  Register  receives  inputs  from  four 
address  counters;  the  Input  Data  Address  Counter,  the  CXitput  Data  Address  Counter, 
the  Intensity  Da.a  Address  Counter  and  the  program  Address  Counter.  The  counter 
inputs  are  multiplexed  into  the  Memory  Address  Register  at  the  proper  time,  and  the 
Memory  Address  Register  holds  the  data  for  one  memory  cycle  (2  Msec)  while  memory 
is  being  addressed. 

Intensity  Code  Shift  Register  - The  Intensity  Code  Shift  Register  performs  a parallel- 
to-serial  conversion  of  the  intensity  code  words.  During  the  display  cycle,  the  inten- 
sity words  are  successively  loaded  into  tlie  shift  register  from  memory  and  shifted  out 
tis  twelve  3-bit  codes  in  synchronism  wdth  the  X deflection  pulse  train. 

Tine  Control  Logic  - The  Line  Control  Logic  controls  the  positioning  of  information  on 
the  IMMSC's  display  screen.  From  the  Format  Register,  blank  space  information,  and 
the  line  counter  a sequence  of  X and  Y deflection  pulses  are  generated  in  synchronism 
with  the  shift  rate  of  the  intensity  ctxles  to  create  the  passive  display  raster. 
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Subsection  — I’DMl'  I’unctional  l)e.scri))tion 

Sh'C^'hWCh’  OF  1’14.MF  OFKIFATK )\S  Dl  ldSC  liTU  DISIU.AY  I'KAMK 


The  FDMF  se(iuenees  its  operations  in  a manner  that  aeliieves  Uie  recjuired  syneiiiajnism  be- 
tween delleetion  and  intensitx'  signals  to  create  passive- sonar  ItTK  disi>lays  on  t!ie  MMSC's. 


The  seciuenee  of  PDMU  operations  durin>;  the  BTU  disjilay  frame  is  shown  in  tlie  figure 
on  tlie  facing  i>age.  At  tite  start  of  every  fiaime  tiio  Program  Address  Counter  is  reset 
to  all  zei’os;  that  menioi'y  location  is  accessed  and  the  contents  ol  memoi'3’  location 
00000  are  loaded  into  the  Prograni  Instruction  Register. 

Tliree  tyi)cs  of  instruction  words  are  recognized  by  the  JdTML'  logic:  blank  sinices  only 
(iMt  20  true),  not  a valid  instruction  word  (bit  27  true),  or  a valid  instruction  woi’d  (tjits 
20  and  27  false).  If  bit  27  is  true  the  ld)MU  is  ordered  into  the  input'  output  mode  until 
another  start  frame  occurs,  at  wliich  time  the  [irogram  counter  is  reset  as  described 
above.  If  blank- si)aces-only  (l)it  20)  is  true  the  jn-oper  number  of  A Y deflection  pulses 
is  transmitted,  the  Program  Address  Counter  is  incremented  and  that  instruction  uord 
is  accessed.  This  instruction  word  is  loaded  into  the  Program  Instruction  Register 
w here  it  is  examined  as  indicated  above.  If  bits  20  and  27  are  both  false  the  instruc- 
tion woril  is  assumed  to  be  a valid  instruction  word. 

When  a valid  instruction  word  is  detected,  bits  0-12  are  loaded  into  the  Intensity  Data 
.-\ddress  Counter  and  the  PDMU  is  oixlered  into  tlie  display  mcxie.  The  memory  location 
specified  bj-  the  Intensit}’  Data  Address  Counter  is  accessed,  and  the  data  located  in 
that  memory  location  is  loaded  into  the  Intensity  Code  Shift  Registers.  The  Intensity 
Code  Shift  Registers  perform  parallel-to- serial  conversions  of  the  intensity  ctxie  words. 
Each  intensity  word  contains  twelve  3-bit  codes  and  each  3-bit  code  represents  one 
beam  of  intensity  information  (S  shades  of  graj').  Bits  0-2  contain  the  three-bit  inten- 
sit3'  code  for  a beam,  bits  3-o  contain  the  intensit3’  code  for  the  following  beam,  etc, 
and  bits  33-3.1  contain  the  code  for  the  last  beam  in  that  word.  During  the  dis]ila3' 
cycle  the  intensity  w ords  are  successively  loaded  into  the  shift  registers  and  shifted 
out  as  twelve  3-bit  codes  in  synchronism  with  the  A X pulse  train.  As  the  PDMU 
causes  the  MMSC  electron  beam  to  move  in  a fixed  raster  pattern  (for  a giv'en  format), 
the  computer  must  load  the  intensity  words  in  a PDMU's  memory  in  a prescribed  man- 
ner in  order  to  achieve  the  desired  display  (see  page  4-8  for  details).  Twelve  con- 
secutive intensity  words  (24  for  format  2)  are  required  to  define  a horizontal  raster 
line.  A number  of  12-word  lines  become  a band  with  the  first  disiilayed  band  always 
defined  by  the  first  valid  instruction  word,  the  second  band  defined  by  the  second  alid 
instruction  word,  etc. 

After  each  intensit3'  word  is  accessed  from  memory,  the  Intensity  Data  Addi'ess  Counter 
is  incremented.  This  loading  and  incrementing  continues  until  the  Intensity  Data  Ad- 
dress Counter  compares  with  that  of  bits  13-25  of  the  Program  Instruction  Register. 
When  e.xact  comparison  occurs  the  line  counter  is  incremented  the  number  of  counts 
specified  by'  bits  28-35  of  the  Program  Instruction  Register.  After  incrementing  is 
comiheted  a new  instruction  word  is  accessed  and  loaded  into  the  Program  Instruction 
Register.  This  procedure  is  continued  until  the  piw)gram  counter  reaches  a not-valid- 
instruction  word,  causing  the  PDMU  to  go  into  the  input  outiJut  mcxie  until  another 
start  frame  occurs. 

The  Program  Address  Counter  is  sometimes  used  in  auto-testing.  When  the  PDMU  re- 
ceives certain  auto-test  commands,  prcjgram  address  00037  must  have  been  previously 
loaded  with  an  auto-test  woi-d.  This  recfuires  that  program  address  0()03(J  must  contain 
the  not-valid-instruction-word  bit  set. 
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PDMU's  Scciuence  of  Operations  for  BTR  Display  Frame  i 


Soctiou  I — l^DMU  Pro^rauuniaj; 

Subsection  — PDMl’  Word  Formats  and  Fsaftes 


FOlt.MAT  OF  POMP  INSTHFCTION  WOltI) 


The  PDMF  instruetion  words,  stored  in  menioiT  locations  ooooo  through  OuoliT.  are  used  to 
control  IxukI  u|Klatin^,  band  heijihl,  banil  s|)aein^  or  positioning,  and  to  optimize  the  data  rate 
between  the  Computer  and  PDMF.  
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BL 

D 

B 

EA 

BA 

BL  s NUMBER  OF  BLACK  LI 
C = NOT  VALID  INSTRUCT 

NES 

ON 

EA  = END  BAND  ADDRESS  BA  = BEGIN  BAND  ADDRESS 

D = BLANK  LINES  ONLY 

Format  of  PDMF  Instruetion  Word 

Bits  0-12,  Begin  Band  Address  (BA)  - BA  is  given  in  binarj-  ecxle  with  bit  0 being  the 
LSB.  The  begin  band  address  is  the  memory  location  of  the  first  intensity  ec-ide  w ord 
of  the  display  band.  The  Intensity  Address  Counter  is  preset  with  bits  0-12. 

Addresses  00000  through  00037  are  reserved  for  instruetion  words  and  should  not  be 
coded  in  this  field  unless  bits  26  or  27  are  set  to  1. 

Bits  13-25,  End  Band  Address  (EA)  - EA  is  in  binary  code,  with  bit  13  being  the  LSB. 
The  Intensity  Counter  increments  from  the  begin  band  address  through  the  end  address 
to  define  a display  band.  The  end  band  address  must  always  be  numerically  greater 
than  the  begin  band  address  vinless  bit  26  or  27  is  set  to  1. 

Bit  26  Blank  Lines  Only  (D)  - Bit  26=1  causes  the  BA  and  EA  fields  to  be  ignored.  The 
raster  will  be  moved  up  along  the  left  margin  by  the  amount  specified  in  the  blank  line 
field  (BL). 

Bit  27,  Not  Valid  Instruction  (C)  - For  normal  Display,  bit  27  is  0 and  the  B.\,  EA  and 
BL  fields  are  used  in  the  passive  display  generation.  In  the  memoi’y  location  following 
the  last  valid  instruction,  bit27  must  be  set.  This  inhibits  the  Intensity  and  Program 
Counters  from  incrementing  for  the  remainder  of  the  display  frame.  Both  bits  26  and 
27  are  to  be  set  to  0 in  an  instruction  word. 

Bits  28-3.J,  Number  of  Blank  Lines  (BL)  - BL  is  in  binary  code  with  bit  28  being  the 
LSB.  Each  binary  count  has  a weight  of  0.  014  in.  The  blank  lines  are  generated  for 
a valid  instruction  word  (bits  26  and  27  = 0)  after  the  end  band  address  is  reached,  i.  e. , 
the  blank  lines  are  above  the  displayed  band. 

If  the  BL  field  is  set  to  zero  for  a valid  instruction  word,  the  first  line  of  the  next  band 
will  be  suiierimposed  over  the  last  line  of  the  previous  band. 

For  blank  lines  only,  the  raster  is  incremented  vertically  with  no  display  along  the 
left  passive  dis|day  margin.  The  blank-lines-only  instruction  is  primarily  useful 
in  establishing  a lower  margin  above  the  normal  raster  start  ])oint. 

Instruction  Execution  Time  - Valid-instruction  e.xecution  times  are  variable  in  time 
duration  as  a function  of  the  numl)er  of  lines  of  intensity  data  in  a band.  Each  line  of 
a Format  2 line  takes  64  ps. , and  all  other  display  formats  take  32  ps.  per  line.  A 
blank-lines-only  instruction  requires  one  line  time  to  execute  regardless  of  the  BL 
field  code. 
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I FORMAT  OF  1-I)MU  INTENSITY  WORD 


The  I’DMF  iiiteiisilv  uoiiLs.  each  eontaining  twelve  h-hit  codes  of  passive  sonai-  intensitv 
data,  are  stored  in  memory  addresses  UUUK)  Lhrougli  17777.  Tlie  woids  are  retrie\cd  Irom 
memory  uiuler  control  of  llu'  I’D.MU  instruction  words,  then  tile  codes  are  e.xtraetetl  Irom  llie 
intmisUy  words  and  ti'ansmitted  to  the  .M.MSC's  lor  RTIt  display  generation. 
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112 

111 

110 

10 

18 

17 

1 

1 

1 

1 

12 

11 

IN  EACH  INTENSITY  FIELD.  OCTAL  CODING  IS  USED  WITH  THE  LSE  I.  EING  THE  LOWEST 
BIT  NUMBER;  THE  OCTAL  CODING  IS  AS  FOLLOWS; 

OCTAL  INTENSITY 

CODE  MEANING 

0 BLANK  DISPLAY 

1 INTENSITY  LEVEL  1 

2 INTENSITY  LEVEL  2 

3 INTENSITY  LEVEL  3 

4 INTENSITY  LEVEL  4 

b INTENSITY  LEVEL  5 

6 INTENSITY  LEVEL  6 

7 INTENSITY  LEVEL  7 


Format  of  PD  .MU  IntensiU’  Word 

Each  I field  controls  the  MMSC's  CRT  display  intensity  (Ijrightness)  for  a short  length 
of  a horizontal  raster  line.  Code  0 results  in  a blank  (dark)  display  and  the  level  7 
code  results  in  the  brightest  display  of  appro.ximately  22  foot-lamberts.  The  1 field 
codes  are  used  in  an  MMSC  to  jiresent  eight  shades  of  gray.  The  eight  In-ightness 
levels  are  uniform  over  the  face  of  the  CRT  to  present  a high-quality  display.  The  I 
fields  are  transmitted  to  an  .MMSC  in  sequence  beginning  with  I 1 and  ending  with  1 12. 
The  resulting  CRT  intensity  sequence  is  from  left  to  right. 

Twelve  intensity  words  (24  for  format  2)  define  the  tlis])lay  of  a single  raster  line. 

The  ordering  of  intensity  words  within  a band  determines  the  beam  display  location 
relative  to  the  left  margin  and  the  lower  edge  of  the  ijand.  The  line  display  sequence 
is  from  CRT  bottom  to  top. 

The  instruction  word  addressing  permits  the  block  of  intensity  words  that  define  a band 
to  be  located  anywhere  in  the  intensity  word  store  of  memory. 


Section  1 — I’DMU  Programming 

Subsection  — I’DMU  Words  Formats  atul  Us;iges 


USING  PDMU  WORDS  TO  GKNKliATF  STATIC  HTR  DLSIUAYS 


Format  examples  are  given  to  illustrate  bow  PDMU  instructiims  and  intensity  words  are  created 
to  generate  a static  UTR  displa\-  on  the  MMSC. 


The  PDMU-generated  displays  may  be  categorized  ;is  eitlier  static  or  dynamic:  A static 
dispUu  does  not  change  in  real  time,  and  a dynamic  display  is  periodically  updated  by 
tlie  computer  (typical  liTR  display).  Programming  is  somewhat  dil'lerent  tor  the  two 
cases,  St)  the  cases  are  se|)arately  described  in  this  topic  and  the  succeeding  tojjic. 

0[)erations  using  the  static  display  involve  changing  tlie  data  base  only  infrequently  and 
then  an  entire  band  at  a time.  Assume  the  PD,MU  contains  instructions  and  intensitj' 
words  tlial  are  to  be  superceded  witl\  a new  display  pattern.  The  comijuter  transmits 
a passive  formal  external  function  witia  format  0 S|)ecified  (refer  to  example  EXT-1 
of  Figure  A).  Format  0 stops  tlie  display  and  allows  maximum  compuler-to-PDMU 
data  transfer  rate,  once  a memory  load  start  has  been  sent.  This  operation  is  optional. 
If  a lower  data  rate  is  toleraljle,  the  computer  may  only  send  a memon'  load  start 
external  function  (refer  to  example  EXT-2  of  Figure  A). 

Tlte  assembled  intensity  code  words  are  transmitted  to  the  PDMU  via  output  acknow- 
ledge (OA)  word-pairs.  The  first  OA  word  specifies  the  PDMU  memorj'  address  of  the 
first  intensity  word  of  the  display  band.  (Refer  to  examples  INT-1,  INT-2,  lNT-3, 

INT-4  of  Figure  B. ) The  intensity  code  words  should  be  arranged  in  memory  for  either 
format  1 or  format  2;  i.  e.  for  either  12  or  24  intensity'  words  to  form  one  line.  The 
computer  sends  an  instruction  word  via  an  out|)ut  acknowledge  word  pair  to  specify 
begin  band  address,  end  band  address  and  blanlv  lines  (refer  to  examples  INSTR-1, 
IN'STR-2  of  Figure  C. ) The  computer  now  sends  an  external  function  specity  ing  the 
displa.v  format.  Refer  to  example  EXT-3  of  Figure  A).  Tliis  initiates  the  desired 
display. 

The  use  of  format  0 is  indicated  as  optional  because  it  has  both  advantages  and  disadvan- 
tages. If  a new  band  is  to  be  added  to  the  display  of  existing  bands  and  momentarv 
i)lanlving  of  the  passive  display  is  undesired,  the  format  0 external  function  would  not 
l)e  used. 

The  instruction  words  illustrated  in  Figure  C define  a display  of  100  lines  of  144  beams 
full  width  across  the  MMSC  display  screen.  The  instruction  word  is  S()ecified  (IXSTR-1) 
to  be  stored  in  address  00000  which  will  cause  this  band  to  be  tlte  first  to  be  displayed 
each  frame,  thus,  [tlacing  it  at  tlie  liottom  of  the  display.  The  blanlv  line  code  in  INST-1 
estaJtlishes  a separation  of  18  times  0. 014  inch  (approximately  0.25  inch)  between  the 
top  edge  (last  line)  of  this  band  and  tlie  lower  edge  (first  line)  of  the  next  band.  Tlie  in- 
struction word  defining  tlie  next  display  band  (no  examples  given)  would  be  stored  in 
address  00001. 

The  intensity  words  given  as  examjiles  are  located  arbitrarily  in  locations  00040  through 
02317,  the  lower  1200  cells  of  intensity  word  store.  The  first  12  intensity  words  define 
line  1,  words  13-24  define  line  2,  which  is  displayed  above  line  1,  etc.  The  Ux'ation  of 
a band  of  intensity  words  in  memory  in  no  way  influences  the  vertical  band  location  of 
the  display.  Tlie  order  of  readout  of  instruction  words  est;iJilishes  band  display  se- 
f|uence.  'The  I field  of  the  intensity-  word  examples  (INT-1,  lNT-2,  INT-3,  INT-4)  con- 
tains an  arbitraril’- increasing-decreasing  code  pattern  for  beams  1-24  of  die  first  line. 
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The  I'eriuat  iu:i\’  be  elianged  to  an\'  oUxer  except  lonnal  2 by  sending  cjne  passive  lonnat 
external  function.  In  formats  1 through  7 tlie  1M)MU  logic  assumes  that  Die  intensiu 
code  words  were  originally  entered  tor  tor  mat  1 display  and  it  aut<anatically  skips  li 
intensity  code  words  each  line. 

If  the  formal  and  valid  insti  uetion  words  are  sent  before  tlie  intensity  data  is  loaded, 
the  entering  of  tliis  data  w ill  be  observed  on  the  disphiy. 
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Figure  A.  External  Function  Words  to  Create  Rasters  tor  Passive  Display.  Example  E.XT-l 
indicates  passive  format  O,  blanking  the  display  and  permitting  maximum  computer-to-PDMU 
data  transfer.  Example  EXT-2  is  a memcry  load  stall  command.  Examiile  EXT-h  specifies 
passive  format  1 for  680  lines,  144  beams  full  width. 
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USING  PDMU  WORDS  TO  GENERATE  STATIC  BTR  DISI>EAYS  (Continued) 
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OA  = OUTPUT  ACKNOWLEDGE 


Figure  B.  Formation  of  PDMU  Intensity  Words.  Bits  20  tltrough  28  of  INT-1  become  bits  27 
through  35  of  the  PDMU  word,  and  bits  0 through  26  of  INT-2  become  bits  0 through  26  of  the 
PDMU  word.  The  new  36-bit  word  is  stored  in  PDMU  memory  location  00040  (octal)  as  specified 
by  bits  0 through  12  of  IXT-1. 
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Section  4 — I^DMU  Programming- 
Subsection  — PDMtJ  Word  Formats  and  Usages 


USING  PDMU  WORDS  TOGKNKRATE  DYNAMIC  BTR  DISPLAYS 


The  generation  of  a i>assive  sonar  display  to  give  a dynamic  BTR  representation  of  the  sonar 
surveillance  volume  is  the  i)rimary  function  of  the  PDMU.  The  com|)uter  controls  the  time  di- 
mension  (Y  or  vertical  axis)  of  the  display. 


Proper  entry  of  PDMU  Instruction  and  intensity  words  creates  a dynamic  BTR  Display 
on  an  MMSC  that  smoothly  moves  (down  or  up)  without  blanking  the  entire  display  at  any 
time.  The  memory-addr'^ssing  technique  used  allows  intensity  words  to  l)e  entered  and 
I'emain  at  one  PDMU  memory  address.  The  jn-ocedure  for  initial  loading  of  a complete 
band  of  display  data  is  the  same  as  that  described  for  static  displays  in  the  preceding 
topic . 

The  proceduz’e  for  updating-  a display  band  a line  at  a time  with  the  newest  data  replac- 
ing the  oldest  line  in  memory  is  given  below.  The  display  band  will  have  the  newest 
line  displayed  at  the  top  edge  and  the  oldest  hne  displayed  at  the  lower  edge.  The  visual 
effect  for  this  display  sequence  will  be  a downward  movement  of  data  at  a rate  propor- 
tional to  the  rate  of  entry  of  new  lines.  The  effect  will  simulate  the  Bearing  Time  Re- 
corder display  seen  in  many  sonar  systems. 

PDMU  Band  Updating  — The  procedure  for  band  updating  involves  three  main  steps: 

(1)  The  computer  must  have  previously  set  the  memory  load  FF  by  sending  the  memory 
load  start  external  function  command. 

(2)  The  computer  transmits  one  line  of  intensity  words  via  output  acknowledge.  The 
intensity  words  are  addressed  to  replace  the  oldest  line  of  data  of  the  band  being 
updated. 

(3)  The  computer  then  transmits  two  new  instruction  words  via  output  acknowledge.  The 
instruction  words  shall  be  addressed  to  replace  the  existing  instructions  for  that  band. 

The  rationale  for  requiring  two  instruction  per  passive  display  band  is  best  explained 
through  the  example  given  below. 


Exanyle  of  PDMU  Band  Updating  - Consider  a passive  display  band  of  6 raster  lines, 
with  25  blank  lines  between  this  band  and  the  band  just  above  it.  Each  raster  line  is  to 
contain  12  words  of  intensity  data.  The  intensity  data  for  the  band  is  stored  in  memory 
location  101-172.  The  newest  line  is  to  be  displayed  at  the  top  of  the  band,  and  the 
oldest  line  on  the  bottom.  The  passive  band  is  essentially  divided  into  two  separate 
bands,  although  no  gap  appears  between  the  two  bands.  This  will  allow  updating  a band 
by  changing  only  one  line  of  intensity  data  and  the  two  instruction  words.  This  is  ill- 
ustrated in  the  instruction  update  sequence  shown  in  Figure  A.  The  sequence  of  dis- 
play is  line  6,  o.  4,  3,  2,  and  1 where  1 is  the  newest  line  of  sonar  data  and  6 the  old- 
est; this  sequence  is  illustrated  in  Figure  B.  The  requirement  of  two  instruction  words 
per  display  and  a last  instruction  with  bit  27  set  to  1 establishes  a limit  of  15  display 
bands. 
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The  passive  display  geometry  on  the  MMSC  will  allow  864  lines  (total)  of  both  display 
and  blank  lines.  If  the  PDMU  instructions  are  such  that  this  number  is  exceeded,  the 
display  will  be  driven  off  the  upper  edge  of  the  MMSC's  CRT. 
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NOTE:  ALL  NUMBERS  ARE  DECIMAL 

Figure  A.  Example  Showing  How  Two  Instruction  Words  are  Updated  to  Update  an  Entire  Band 
of  BTR  Data 


Figure  B.  Example  Showing  Sequence  of 
Updating  Lines  of  BTR  Data 
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Appendix  A 


USE  OF  THE  MAINTENANCE  PANEL  IN  PIKXIRAM  DEBUGGING 


By  utilizing  the  maintenance  panel,  data  may  be  entered  or  extracted  one  word  at  a time 
from  an  MMSC's  or  PDMU's  memory.  This  feature  can  be  effectively  used  in  program 
debugging  and  fault  isolation.  Procedures  for  entering  and  extracting-  data  are  given 
below. 

There  are  three  procedures  for  entering  data  into  an  MMSC  or  PDMU.  Two  of  the  pro- 
cedures simulate  the  com])uter  output  words.  These  are  the  external  function  and  outi^ut 
acknowledge  words.  The  third  procedure  allows  a simplified  direct  memory  input.  The 
procedures  are  the  same  for  both  the  MMSC  and  PDMU.  The  niaintenance  panel  controls 
referred  to  are  illustrated  in  Figure  A-1. 


EXTERNAL  FUNCTION  SIMULATE  PROCEDURE 

1.  Set  the  ON  LINE/OFF  LINE  switch  to  OFF  LINE. 

2.  Place  the  MAINT  CONTROL  selector  on  the  30  BIT  position  (on-line  simulate).  I 

3.  Depress  MASTER  CLEAR. 

4.  Place  the  CLOCK  SELECT  switch  at  the  FREE  RUN  position. 

3.  Select  IN  REG  for  display  on  the  36  bit  register  readout. 

6.  Set  bit  switches  0-29  to  the  desired  external  function  word. 

7.  Depress  EXT  FNC.  The  Ijit  pattern  on  bits  0-26  of  the  36  bit  register  readout  should 
agree  with  bit  switches  0-26.  The  external  function  word  has  now  been  entered. 


OUTPUT  ACKNOWLEDGE  SEMULATE  PROCEDURE 

1.  Observe  the  MEM  LD  indicator  on  the  maintenance  panel.  If  the  Memory  Load  F/I' 
is  not  set  ( indicator  dark)  send  the  memory  load  external  function  word  bv  using  the 
External  Function  Simulate  Procedure. 

2.  Perform  stc|)s  1,  2,  4,  and  3 listed  for  External  Function  Simulate  Procedure. 

3.  Set  bit  switches  0-29  to  the  desired  output  acknowledge  word  1. 
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Depress  OUT  ACK.  The  hit  pattern  on  bits  0-20  ol  the  30  bit  I’egistei’  readout  should 
aj^ree  with  bit  switches  0 through  20.  Bits  27  through  35  should  agree  with  bit  switches 
20  through  28. 

Set  bit  switches  0-29  to  the  desired  output  acknowledge  word  2. 


Depress  OUT  ACK.  The  bit  pattern  on  bits  0-20  of  the  30  bit  register  readout  should 
agree  with  bit  switches  0-26.  Bits  27-35  should  remain  unchanged.  The  word  has 
now  been  entered  into  the  desired  memory  location. 


DIRECT  MEMORY  LOAD  PROCEDURE 


Set  the  ON  UNE/OFF  LINE  switch  to  OFF  LINE. 

Place  the  MAINT  CONTROL  selector  on  the  36  BIT  position  (memory  load). 

Place  the  CLOCK  SELECT  switch  at  the  FREE  RUN  position. 

Select  IN  REG  for  display  on  the  36  bit  register  readout. 

Select  IN  CNTR  for  display  on  the  13  bit  register  readout. 

Depi'ess  MASTER  CLEAR. 

Set  bit  switches  0-1 2 to  the  desired  memory  address. 

Depress  ADDRESS  LOAD.  The  bit  pattern  of  the  13  bit  register  readout  should 
agree  with  bit  switches  0-12. 

Set  bit  switches  0-35  to  the  desired  memory  word. 

Dei^ress  EXECUTE.  The  memory  word  has  now  been  entered.  The  bit  pattern  of  the 
36  bit  register  readout  should  agree  with  the  bit  switches.  The  13  bit  register  read- 
out will  be  incremented  by  one. 


From  this  step,  each  successive  depression  of  EXECUTE  will  load  the  bit  switches 
into  successive  memory  addresses.  The  Input  Address  Counter  increments  with 
each  EXECUTE  operation. 


MEMORY  READOUT  PROCEDURE 

Perform  steps  1 through  4 of  the  External  Function  Simulate  Procedure. 

Select  OUT  REG  for  display  on  the  36  bit  register  readout. 

Select  OUT  CNTR  for  display  on  the  13  bit  register  readout. 

Send  a memory  unload  external  function  word  with  the  desired  memory  outiiut  ad- 
dress. The  memory  word  will  now  appear  on  the  36  bit  register  readout.  The  13  bit 
register  readout  displays  the  memory  output  address. 

If  consecutive  memory  addresses  are  to  be  read  out,  depress  the  IN  ACK  twice  for 
each  word  to  be  read  out. 
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Appendix  B 


PASSIVE  DISPLAY  LINES/SYMBOL  TLMING 


Symbolic  data  such  as  track  symbols,  alphanumerics,  and  reference  marks  may  be 
displayed  with  passive  data  on  the  MMSC.  Such  symbols  are  defined  by  words  within 
the  M^ISC  memory  as  are  any  other  symbols.  The  display  of  such  symbols  and  lines 
is  restricted  to  the  time  at  the  end  of  the  passive  display  frame.  For  a full  passive 
display  of  B80  lines  (340  for  format  2)  there  is  only  time  to  display  a few  symbols.  The 
equations  that  follow  allow  computation  of  symbol  display  time  in  the  passive  mode. 

If  a large  number  of  symbols  and  lines  must  be  displayed  in  a passive  mode,  the  num- 
ber of  lines  of  passive  sonar  data  must  be  reduced  sufficiently  to  remain  within  the 
system's  capability. 

Passive  display  frame  time:  22,400  ± 0.0l9c  Ms. 

Minimum  symbol  display  time:  04  Ms. 

Passive  display  time,  formats;  1,3,4,  ~j, a and  7. 

T = 32  MS  (A  + B + C)  +96  Ms. 

where:  A = No.  of  "blank  lines"  instruction  words 
B = No.  of  valid  instruction  words 
C = Total  display  lines  of  all  bands 

Passive  display  time,  format  2 

T = 64  MS  (A  + B + C)  + 96  Ms. 

where:  A,  B,  C are  as  given  above. 

Symbol  display  time: 

MMSC  instruction  readout  time:  4 Ms. 

Symbol  display  time:  4 Ms  + 2 Ms/symbol  code  word 
Line  display  time:  8 Ms. 

A passive  display  of  4 bands  of  660  lines  total  in  format  1 would  allow  928  Ms.  For  dis- 
play of  symbols. 

T = 32  MS  (0  + 8 + 660)  + 96  Ms  = 21,472  Ms. 

Symbol  time  = 22,400  - 21472  = 928  Ms. 


B-1 


Appendix  B — Passive  Display  Lines/Symbol  Timing 


Thus  92  15  - stroke  (10  Msec)  symbols  may  be  displayed  with  the  passive  format  on  the 
MMSC. 

Once  symbol  display  is  started  it  is  not  stopped  until  all  the  programmed  symbols  and 
i lines  are  displayed.  If  an  operator  requests  more  symbols  than  there  is  frame  time 

j available,  part  of  the  first  band  will  not  be  displayed,  giving  a feedback  indicator  that 

the  display  is  overloaded. 
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SINGLE  SYMBOL  MODE  TIMING 


To  fully  understand  the  operations  performed  in  an  MMSC  during  symbol/ line  display 
the  basic  display  timing  must  be  understood.  To  give  some  insight  into  the  timing,  the 
single  symbol  mode  display  is  presented  here  as  a typical  example. 

A simplified  timing  diagram  for  display  in  the  single  symbol  mode  is  given  in  Figure 
C-1.  The  timing  shown  is  primarily  memory  address  associated.  The  abbreviations 
on  the  line  labeled  "Memory  Enable"  indicate  the  word  type  being  read  out  - P for  imsi- 
tion  word,  SC  for  symbol  code  word. 

Illustrated  is  a memory  input  operation  with  each  displayed  symbol.  Choice  ol  memoiy 
input  was  arbitrary  as  the  one  memory  cycle  per  symbol  for  I/O  unit  use  may  be  eithei 
a memory  input  (write)  or  memory  output  (read)  operation.  When  the  console  has  been 
instructed  to  simultaneously  block  unload  and  load,  the  memory  control  logic  may  re- 
ceive both  a memory  input  and  a memory  output  request.  In  the  single  symbol  mode, 
input  requests  have  priority  over  output  requests.  In  the  line  modes  and  the  in-line 
alphanumeric  modes  there  is  no  priority  as  both  an  I/O  input  and  output  may  occui  foi 
each  displayed  line  or  AN  character.  The  timing  for  lines  and  in-line  alphanumerics 
is  not  given  as  these  modes  are  variations  of  the  basic  timing. 
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Appendix  D 


TABLE  OF  MMSC  AND  PDMU  FORMATS 


External  Function  Words 
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Ap()endix  D-  Tal)le  of  MMSC  and  PDMU  Formats 


Passive-Format  Word 


Test  Stimulus  Word 


Output  Acknowledge  Words 


Word  1 of  the  Output  Acknowledge  Word  Pair 


HUGHES- FULLERTON 
Hughes  Aircraft  Company 
Fullerton,  California 


Word  2 of  the  Qatput  Acknowledge  Word  Pair 


MMSC 


82492-67 


1 

1 

PDMU 

1 Input  Data  Request  Words 

82492-68 

Word  1 


HUGHES-FULLERTON 
Hughes  Aircraft  Company 
Fullerton,  California 

8249? 


Data  Stop  Word 

' MMSC  Data  Words 

82492-36 

Line  Word 


82492-37 


Alphanumeric  Word 


Appendix  D - Table  of  MMSC  and  PDMU  Formats 


Symbol  Code  Word 


PDMU  Instruction  Word 


BL  = NUMBER  OF  BLACK  LINES 
C s NOT  VALIO  INSTRUCTION 


EA  = END  BAND  ADDRESS  BA  = BEGIN  BAND  ADDRESS 

D =*  BLANK  LINES  ONLY 


112  111  no  19  18  17  16  IS  14  13  12  II 


IN  EACH  INTENSITY  FIELD.  OCTAL  CODING  IS  USED  WITH  THE  LSB  BEING  THE  LOWEST 
BIT  NUMBER:  THE  OCTAL  CODING  IS  AS  FOLLOWS: 

OCTAL 

INTENSITY 

CODE 

MEANING 

0 

BLANK  DISPLAY 

1 

INTENSITY  LEVEL  1 

2 

INTENSITY  LEVEL  2 

3 

intensity  LEVEL  3 

4 

INTENSITY  LEVEL  4 

5 

INTENSITY  LEVEL  5 

6 

INTENSITY  LEVEL  6 

7 

INTENSITY  LEVEL  7 
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